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A SYSTEM FOR RECEPTION AND DISPLAY 
OF METEOSAT IMAGES 
Part 2 
by R. Tellert, OC 3 NT 


The whole system was discussed in part 1 of this article which was published in edition 3/79 
of VHF COMMUNICATIONS. This description included details for construction of the parabolic 
dish. The following article is to describe the 1.7 GHz converter and the VHF receiver. Part 3 is 
to describe a matching (scanning) oscillator for the receiver, as well as the electronic video 
processing circuits, 


Since the whole system was discussed in general in part 1, the individual modules are now to 
be described in detail. 


2. THE METEOSAT CONVERTER 


The following description is only to give ideas for construction of a converter; the oscillator 
chain is not to be discussed in detail, since the DC 0 DA local oscillator for 13 cm converters 
described in (1), can easily be modified for this application, Crystals having a frequency of 
86.306 and 86.500 MHz can be used and these frequencies subsequently multiplied by: x 3, 
x 2, x 3. Frequencies of just over 500 MHz are present in the stage before last. which can still 
be indicated on amateur frequency counters, The final tripling can be made with the aid of a 
diode type 1 N 4148, or Schottky diode. The final frequencies of 1553.50 and 1557.00 MHz can 
be measured with the aid of a frequency meter as described in (2). 
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Fig. 11; Circuit diagram of the 1.7 GHz Converter with BFR 14 B as input transistor 
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2.1. Circuit and Construction 


The circuit diagram of the converter is given in Figure 11. It will be seen that it comprises a 
two-stage preamplifier (T 1, T 2), an active mixer (T 3), and two IF-amplifiers (T 4 and | 1), 


Two preamplifier stages were chosen in order to ensure that mixer noise was negligible. The 
first preamplifier stage is equipped with the silicon transistor BFR 14 B (Siemens). This tran- 
sistor is rated to have a noise figure of 2 to 2.5 dB at 2 GHz. The antenna cable is connected 
directly to the base, which means that the transistor is presented with a source impedance of 
50 Q. This type of input coupling resulted in a lower noise figure than when using the pre- 
viously planned matching with a 4/2 input circuit. Even if this does not represent the most 
favorable method with respect to the noise figure, the selected input coupling will ensure a 
reliable neutralization of this critical first stage, 


A transistor BFR 34 A (Siemens) or even type BFT 65 (Siemens) have sufficiently low-noise 
characteristics for use in the second stage. A mixer stage following these two preamplifier 
transistors will no longer be very critical, and a BFT 65 will operate satisfactorily, 


The stabilization of the operating point with respect to operating voltage and temperature 
fluctuations is neglected in many publications using common-emitter circuits. It is, however, 
very easy to obtain an excellent stability: As can be seen in Figure 11, three resistors and a 
zener diode are all that is required for each of the two preamplifier stages. A circuit using two 
cheap AF transistors was developed for the mixer stage, which matches the operating point 
automatically to the oscillator level. 


All operating voltages are stabilized at 12 V (| 2); the converter is fed with a voltage of 15 V or 
more via the IF feeder cable. Splitting filters for DC and 137.5 MHz can be provided at both 
ends using, for instance, a 22 4H choke and a 2.2 nF capacitor. 


A low-noise DG-MOSFET type BF 900 is used in the first IF stage, and is matched to the 
mixer transistor with the aid of a Pi-network. A three-stage wideband amplifier is used as 
second |F-amplifier, which amplifies the required signal by 23 dB (OM 335: Philips). This 
Stage (| 1) will only be necessary when required to compensate for the high loss of a long, 
thin cable between converter and VHF receiver, The output voltage of this stage will amount 
to approximately 1 mV during METEOSAT reception using the described antenna. 


Fig. 12: 

Construction of 

the 1,7 GHz converter 
using }/2 circults 
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2.2. Mechanical Construction 


The mechanical arrangement of the converter is given in the form of a drawing in Figure 12. 
The drawing is to scale, which means that the various lengths in the drawing need only to be 
compared to the length of the 4/2 resonators which are of 70 mm in length. The dimensions 
of an individual chamber are given in Figure 13. The converter comprises five identical cham- 
bers constructed from silver-plated brass and is 140 mm long by 70 mm wide. This does not 
include the oscillator which is built up separately. 
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3. THE VHF RECEIVER 


The VHF receiver to follow the described converter does not really need an especially high 
input sensitivity. However, since the VHF receiver is also to be used for direct reception of 
satellites transmitting in the satellite band of 136 to 138 MHz, two low-noise preamplifier 
stages equipped with the transistor BF 900 were used. These transistors require no neutrali- 
zation, and very few external components, since source and gate 1 are grounded, and the 
bias voltage for gate 2 of all five amplifier stages of this type is generated commonly. 


Ath) 2e5Me 


Fig. 14: The VHF/IF module of the VHF receiver 
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The circuit diagram of the VHF/IF portion of this receiver is given in Figure 14. The two band- 
pass filters for the input frequency (L 2 to L 5), whose coupling is given by their locations on 
the PC-board, can be tuned so that the whole VHF satellite band can be received. The high 
preamplification, and the active mixer are only advisable when, as in the case of the planned 
application, large-signal problems are not to be expected. The integrated mixer type SO 42 P 
(Siemens) allows a multiplicative conversion using very few components and low oscillator 
power, 


The oscillator frequency should be 10.7 MHz below the input frequency, and its output 
voltage should be approximately 50 mV. 


The various methods that can be used as oscillator were described in part 1. It was also 
mentioned there that a fixed, crystal oscillator was not advisable. The oscillator module to be 
described in part 3 uses a voltage-controlled oscillator (VCO), whose long-term stability will, 
of course, not be sufficient when used in a simple circuit. For this reason, the oscillator is 
swept when the squelch is closed, which means that the receiver will scan a frequency range 
of approximately 500 kHz when no input signal is present. When a signal is received, the 
squelch will open and the oscillator will be switched from the search to AFC mode, It will 
then tune automatically to the center of the discriminator characteristic, The only condition 
when using this concept is that no other signals are present in the frequency range of 
interest. 


At the first intermediate frequency of 10.7 MHz, only a crystal filter having a bandwidth of 
30 kHz, and two resonant circuits for matching are used. This is followed by a second, crystal- 
controlled mixer. The subsequent three 455 kHz amplifier stages are also equipped with the 
previously mentioned DG-MOSFET BF 900, and use resonant circuits having a bandwidth of 
approximately 40 kHz. No reactive problems are present. wideband noise is avoided, and 
limiting under overload conditions is made very symmetrically, 


The following PLL-FM demodulator equipped with integrated circuit type 4046 (I 3) is to be 
discussed in more detail, since this technology seems to be hardly known in amateur appli- 
cations. The advantage of this type of circuit is briefly that a higher AF signal-to-noise ratio 
will be achieved at low RF signal-to-noise ratios than when using conventional coincidence 
demodulators or ratio detectors. This advantage increases together with the modulation 
index. In the case of narrow-band FM communications (M = 1), a PLL-demodulator will not 
bring any great advantages, however, the gain in the case of APT-transmissions from satelli- 
tes (M = 3,75) is considerable. For this reason, the author was able to measure a AF signal- 
to-noise ratio of 30 dB in conjunction with the described receiver when the IF signal-to-noise 
ratio was only 11. dB. For this reason, PLL-demodulators should offer great advantages for 
FM communications on the GHz bands. For example, modulation indexes of M = 10 to M = 
15 are used at present on the 10 GHz band and represent ideal conditions for using a PLL 
demodulator, 


In order to explain how this signal-to-noise gain is obtained, let us assume an extreme 
example: a VHF-carrier is modulated with a 1 kHz signal and a frequency deviation of 1 MHz. 
This means that a bandwidth of approximately 1 MHz is required and that a noise power with 
a bandwidth of 1 MHz is present at the input of the conventional FM demodulator together 
with the required signal (Figure 15). Of course, it is possible to suppress the resulting AF 
noise voltage in a low-pass filter, but not completely. This is entirely different in the case of a 
PLL demodulator, whose block diagram is given in Figure 16. 
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Fig, 16; PLL-FM demodulator 


Fig, 17: 
Noise bandwidth = 2 x cutoft 


frequency of the lowpass filter 


Without IF-signal, the VCO frequency will be at the center of the IF-passband curve; the low- 
pass filter connected to the phase discriminator will limit the noise-bandwidth to approxi- 
mately twice the cutoff frequency of the low-pass filter. If a frequency modulated IF-signal 
appears, it will approach the VCO frequency, after which the control loop will lock in and the 
VCO-frequency will follow the IF-signal. This means that the modulation frequency thus 
appears as a control voltage. Due to the automatic following, it is possible for the cutoff fre- 
quency of the low-pass filter to be less than the IF-bandwidth (see Figure 17). This is the 
advantage of the PLL circuit and it can be seen how the advantages with respect to conven- 
tional FM demodulators will increase the higher the modulation index, 


In the described METEOSAT-VHF receiver, an integrated MOS-circuit (13) is used as PLL- 
demodulator. The VCO frequency can be adjusted approximately from 400 to 500 kHz with 
the aid of potentiometer P 1. The low-pass filter is connected between connections 2 and 9. 
The output (connection 10) is connected via a buffer to the discriminator meter, The electrical 
center-point can be adjusted with the aid of P 2. 


Now to the S-meter: The field strength of METEOSAT transmissions will be in a relatively 
narrow range, inspite of the different antennas and converters. For this reason, a conven- 
tional S-meter with an indication range of 80 to 100 dB will no longer be suitable. The very 
low differences in the indication would not be very helpful in adjusting the various parts of 
the system. For this reason, an S-meter with a linear scale is to be used. Two ranges are 
available: in the case of a high preamplification, it should be connected to Pt 4, if the gain is 
low or if high cable losses are present between the converter and VHF-receiver, the S-meter 
should be connected to Pt 5. 


Figure 18 shows the circuit diagram of the AF-module. The most important part is a AF-filter 
that is formed by using a low-pass filter having a cutoff frequency of approximately 700 Hz, 
and a high-pass filter with a cutoff frequency of approximately 4 kHz. The APT-signal is 
present on a subcarrier of 2.4 kHz, with a maximum frequency deviation of 9 kHz. The fre- 
quency deviation determines the grey value: white = 9 kHz deviation; black approx. 1.8 kHz 
deviation, Since the highest modulation frequency of the subcarrier amounts to 1680 Hz, it is 
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necessary for a AF-frequency band of 720 to 4080 Hz to be passed linearly subsequent to the 
FM-demodulator. The 2.4 kHz carrier together with its sidebands are present (with approxi- 
mately 1 V at 9 kHz deviation) at connection Pt 8, which is connected to the AM-demodulator 
in the video processing unit. This completes the tasks of the receiver. 
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Fig. 18: AF-module of the VHF receiver 


A cheap integrated AF-amplifier (14) is provided for monitoring the modulation of the input 
signal. Virtually no external components are required. In order to suppress the noise under 
no-signal conditions (squelch), a well-proved circuit using two transistors (T 9, T 10) is used. 
It is possible, for instance, to switch the video processor on and off with the aid of 
connection Pt 13, An LED (D 6) will light dimly when the squelch is closed, and will become 
bright when a signal is present. 


3.1. Construction 


A PC-board was developed for the VHF receiver. This board comprises components given in 
Figures 14 and 18. Figure 19 shows the component locations and the conductor lanes of this 
single-coated board of 140 mm x 100 mm. The designation is DC 3 NT 003, 


Figure 20 shows a photograph of the author's prototype. In order to simplify construction, 
ready-wound types were used for the 11 filter inductances. It is necessary to connect the two 
2.7 kQ damping resistors on the conductor side of the board below two of these inductances 
(L_2 and L 4), Since the remaining ground surfaces are rather small, it is important that the 
three ground bridges given in the component location plan are not forgotten. Furthermore, it 
is important to adhere exactly to the components information given in the following section, 
and possibly use a socket for | 3. 
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Fig. 20: Photograph of the author's prototype 


- 200 - & VHF COMMUNICATIONS 4/1979 


3.2. Special Components for DC 3 NT 003 


T1-TS5: BF 900 (Texas Instruments) 

T6-TB: BC 415, BC 308 or similar PNP-AF transistors 

T9, T 10: BC 413, BC 238 or similar NPN-AF transistors 

D1, 02; AA 119 or similar germanium diode 

D03-D5: 1N 4148, 1N 4151 or similar silicon diode 

D6; Any LED 

ie SO 42 P (Siemens) 

13: CD 4046 B (RCA) MC 14046 BCP (Motorola) 

14: LM 380 N (National Semicond.) 

(5: 7812 or TDA 1412 or similar 12 V stabilizer 

RFC: Miniature choke, value uncritical 

Li-L 8: Pre-aligned, screened filter inductances (NEOSID 005118 silver) 
L6,L7: as L 1, with tap and coupling link (NEOSID 005138 blue, red, white) 
L8-L11: as L 1, for 0.1 - 3 MHz (NEOSID 005960 black, red, red) 

Crystal filter: Center frequency 10.7 MHz; bandwidth; 30 kHz 

Crystal: 10.245 MHz, HC-18/U, parallel resonance 30 pF 

PAP: Trimmer potentiometer, horizontal mounting, spacing 10/5 mm 
P3,P 4: Potentiometers on the front panel 


All fixed resistors: carbon resistors, for 10 mm spacing. 

All capacitors below 100 pF: ceramic disk types with low TC-value, spacing 5 mm. 
All capacitors from 470 pF to 1500 pF: Styroflex, spacing 7.5 or 10 mm. 

Capacitors between T 6 and T 9: Plastic foil capacitors, spacing 7.5 mm. 

Bypass and coupling capacitors between 2.2 nF and 100 nF: ceramic, spacing 5 mm, 


Tantalum electrolytics, drop-type, 1x 1 uF, 2 x 10 pF 
Aluminium-electrolytics, round, spacing 5 mm: 1 x 47 uF, 2 x 100 uF (16 V) 


3.3. Alignment of the VHF-Receiver 


The IF-chain is aligned firstly. This is achieved by feeding in a 10.7 MHz signal to the coupling 
link of L 6 in the vicinity of the crystal filter. If the calibration of the signal generator is not 
exact enough, it should be used in conjunction with a frequency counter since the injected 
frequency should be exact to within + 1 kHz. A tube voltmeter or oscilloscope provided with 
a 10:1 probe can be used for monitoring the signal, The probe is firstly connected to gate 1 
of transistor T3 and L7 and L 8 tuned for maximum reading. The indicated voltage should 
not exceed approximately 1 V (peak-to-peak value), Reduce the output voltage from the 
signal generator on achieving this value. 


A 5 k&2 potentiometer is now soldered temporarily in parallel to Raa (5.6 kQ). This allows the 
gain of the five RF-transistors to be reduced. The probe is connected to gate 1 of T 4, and 
inductance L9 aligned for maximum reading, If the indicated voltage is greater than 3 V 
(peak-to-peak), it is necessary for the gain to be reduced with the aid of the potentiometer. 


inductances L 10 (probe to G 1 of T5) and L.11 (probe to pin 14 of | 3) are now aligned one 
after another in the same manner for maximum reading. The circuits have a very wide reso- 
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nance; it is not intended for them to provide adjacent selectivity, However, attention must be 
paid during alignment to achieve a flat top. Of course, this alignment is simplified greatly 
using a swept-frequency generator, and such an alignment is carried out in the same manner, 
The output coupling is then made via approximately 1 kQ, and the alignment made to obtain 
a flat top of the passband curve. 


This is followed by aligning the PLL-demodulator. For this, a signal of exactly 10.7 MHz is 
injected, and a high-impedance DC-voltmeter connected to pin 2 of 13. The VCO frequency is 
now aligned with the aid of P 1 to the frequency of the signal generator. Half the operating 
voltage (6 V) will appear at pin 2 when both frequencies coincide. Finally the reading of the 
discriminator meter should be adjusted to provide a center reading with the aid of P 2 


The VHF-stages can now be aligned after connecting a local oscillator to Pt 2 and ground. 
The signal generator is aligned to 137.5 MHz and connected between Pt 1 and ground. It is 
only necessary to align inductances L 1 to L 6 for maximum reading on the S-meter. A swept- 
frequency alignment will only then be required when the receiver is to be used over the 
whole satellite band from 136 to 138 MHz. 
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NEW GENERATION OF 23 cm TRANSVERTERS 


About two years ago we brought out the first generation of 1296 MHz transverters on to the 

market. This is now to be replaced by a second generation of equipment of superior quality, 

and more modern technology. 

Features: 

@ Double conversion in both the transmit and receive mode in order to obtain excellently 
high values of image and spurious rejection, and a virtually clean spectrum. 

@ Overall noise figure of the receive converter module: better than 4 dB 

@ Transverter available with an IF of either 144 or 28 MHz. 

@ Available with output power levels of either 1 W or 3 W 


Available Models: 

ST 1296/144 A: 144 MHz IF, 1 W output DM 585,00 
ST 1296/144 B: 144 MHz IF, 3 W output DM 685.00 
ST 1296/28: 28 MHz IF, 1 W output DM 695.00 
SP 1296; 3 W linear amplifier for ST 1296/144 A or ST 1296/28 DM 138.00 


Available from our representatives or from the publishers. 


UKW-TECHNIK / UKW-BERICHTE » Hans DOHLUS oHG + D0-8523 BAIERSDORF - 
Postfach 80 - Jahnstr. 14 - Telefon (09133) 655 + 856 (Anrufbeantworter) - Telex: 629 887 
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BIG WHEEL 
An Omnidirectional Antenna for the 23 cm Band 
by Th. Morzinck, DD 0 QT 


A BIG WHEEL antenna for the 23 cm band was mentioned in a previous article dealing with 
repeater stations on the 23 cm band (1). The large number of letters requesting further infor- 
mation on this antenna showed that there was great interest in this special type of antenna. 


Unfortunately, omnidirectional antennas for horizontal polarization are more difficult to 
achieve than their vertical counterparts, and they are used far less (5), Canted dipoles, halos, 
maltese crosses, double helicals (2), slotted antennas (3), and groups of antennas (4), as well 
as the Big Wheel are all known constructions, Many of these antennas exhibit a poor omni- 
directional characteristic, have a negative »gain«, or are very difficult to construct, as is the 
case with the double helix or slotted antenna. 


The Big Wheel has proved itself as a good compromise on the 23 cm band since it can be 
constructed easily with a soldering iron, wire, and a pair of pliers. It is also possible for the 
individual antenna to be extended to form a compact stacked array. 


The designation »Big Wheel« comes from the shape of the antenna, In principle, the antenna 
comprises three full-wave loops that are connected in parallel at the feedpoint. The outer 
circumference of the wheel comprises three 4/2 radiators, and the »spokes« of the wheel are 
the 4/4 feeders to the central feedpoint of the antenna. Actually, the antenna is not round but 
is more in the form of a three-leaf clover. 


Each of the loops is connected in parallel, with one end of the loop connected to the center 
conductor and the other end grounded to the outer conductor. This can be seen easily in the 
drawing given in Figure 1, It is then matched to 50 Q using a stub. 


CONSTRUCTION 


All the author's prototype antennas have been constructed in conjunction with a BNC-con- 
nector for single-hole mounting, (UG-1094, UG-625). Of course, it is just as easy to use a 
similar TNC-type (similar to BNC but with a screw fitting instead of a bayonet); this connector 
is somewhat more stable due to the screw fitting, Larger connectors such as N, C, 3.5/9.5 or 
6/16 would probably require the antenna to be redimensioned, since it has been found that 
the connector has a considerable effect on the feedpoint impedance of the antenna. The 
Tollowing dimensions are therefore only valid for construction when using a BNC or TNC 
connector. 


Firstly, a nut and the supplied spring washer are screwed right onto the connector, and can 
be used later for mounting. A second nut is screwed onto the thread so that only the PTFE 
part protrudes (see Figure 2). Attention should be paid that only connectors with PTFE insu- 
lation are used, since other insulating materials may not be able to stand the heat effects 
during soldering. The second nut is then soldered around the edge of the thread with 
sufficient solder so that it forms a type of flange, onto which the ground ends of the three 
loops can be soldered. 


X& VHF COMMUNICATIONS 4/1979 - 203 - 


DDPQT 


PTFE insulation 


Solder 


Fig. 1: A Big Wheel antenna for the 23 om band as seen from above. Individual elements to scale. The 
ground ends are soldered to the flange (nut); the hot ends are soldered into place at the side of the 
inner conductor 


The actual A-loops are constructed from 1.5 mm diameter silver-plated copper wire, which 
can be easily bent into the required shape. However, this is only valid for antennas that are to 
be built up inside some form of weather-prooting. A Big Wheel constructed in such a manner 
was used at the repeater station DB 0 YM unprotected. The antenna was only able to stand 
this treatment for one week, after this, rain, storm and birds (!) had completely destroyed this 
copper-wire antenna. This means that if the antenna is not to be protected in some form of 
plastic covering, it will be necessary for it to be constructed from a stronger material 


Each of the )-elements is made from a length of 22.2 cm. Attempts made with 23.5 cm, 23.0 
cm and 22.5 cm showed that the length must be accurate to within a mm! It was only 
possible to obtain resonance in the 23 cm band after shortening the elements from 22.5 to 
22.2 cm 


Firstly, the three straight wires are soldered to the flange (nut) at an angle of 120° to another 


@ The wires should not point directly to the inner conductor, but slightly to the side. Only 
then will it be possible to obtain the correct spacing of the 4/4 feeders (spokes) of 2 to 3 
mm (see Fig. 1) 


@ The wires should be placed right up to the teflon portion and soldered into place on the 
nut flange. This is important with respect to the length 
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After this, the straight wires should be bent to the required shape according to the drawings 
The »hot« ends are not simply soldered to the inner conductor, but are fed parallel and at the 
same height as the ground end of the neighbouring loop up to the conductor and bent up 
just before the flange. This construction will be seen more clearly in Figure 2. After placing 
the three hot ends into place at the side of the inner conductor, they can be soldered into 
position. The antenna should now be approximately as shown in Figure 1, 


This description has been made rather extensively since it has been found that most of the 
queries have been made about this, or this is where most of the faults have been made, 


2.5-3mm, Stub 


le: No contact! 
% Nut soldered 


as fi 
DPaT 


Fig. 2: 

Side view of the connector: 

showing the hot end of 

an element and the stub Fig. 3: Photograph of the author's prototype 


ALIGNMENT 


In order to match the three parallel-connected loops to an impedance of 50 &2 at the connec- 
tor, a stub is connected between the inner conductor and ground flange (nut), In the case of 
such an antenna for 144 MHz, this part is made from a U-shaped strip. Experiments made 
with such miniature stubs were not successful at 23 cm, Correct matching was not obtained 
until a silver-plated copper wire of 1 mm diameter was connected just like a short circuit 
between inner and outer conductor as can be seen in Figure 2 


A somewhat longer piece of wire is firstly bent slightly and soldered into place beside one of 
the three ground ends of the loop on the flange. The wire is then placed over the »hot« end 
of the same loop directly adjacent to the inner conductor of the BNC-connector and soldered 
into place. The protruding ends can then be removed 


This should result in an effective »free space« length of 2.5 to 3 mm (uncritical). This »short 
circuits stub was not readily accepted by a number of constructors, but has been proved in 
practice since by the large number of constructed antennas 


The antenna is completed after mounting the stub in the described manner. The resonance 
will be in the order of 1270 MHz, which means that it is in the center of the band. A large 
number of constructions made without measuring means have shown that both the resonant 
frequency and standing wave ratio are reproducible (Figure 3) 
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A fine alignment can now be made in conjunction with the required measuring equipment by 
bending the loops towards, or away from another. The following relationships result: 


@ Bending together: In this case, the 4/4-pieces (spokes) remain parallel up to the end, The 
resonant frequency will fall, and the antenna will become narrow-band (several MHz). 


@ Pulling out: In this case, the loops are brought from their triangular shape more towards a 
round circle; this increases the bandwidth of resonance, and the frequency will increase ! 


It was not possible for the author to measure the effects this had on the omnidirectional 
characteristic. When using this antenna at 1296 MHz, the author recommends that a wire 
length of 22.0 cm to be used and for the loops to be bent somewhat together, For other 
applications such as ATV, and repeater communications, the shape and sizes given in the 
diagram and photograph should be favorable. 


NOTES 


Unfortunately, measurements of the omnidirectional characteristic and gain of the antenna 
could not be carried out, A stacked array of two Big-Wheel antennas exhibited approximately 
the same gain as a HB 9 CV antenna. The gains given in (2) of 3 or 5.7 dB respectively are 
most certainly too high, 


At present, a stacked array is being tested whose BNC-connectors face another. The stacking 
distance amounts to 14.5cm, The author used two BNC-connectors for connection of the 
somewhat thicker cable RG-59/U (75 Q) which are then mounted with the aid of a bracket as 
shown in Figure 4. The cable between the two plugs is used as matching transformer using 
the 75 Q cable RG-59/U. The overall length is an electrical 1.54 (velocity factor 0.66). An 
impedance of 50 Q is present at the center, i.e. at 3/44, where it can be connected to a 50 Q 
feeder. 


- Solder 


Brass 
mount 


RG SB( 213) 
feeder 


Fig. 4: 
Side view of a stacked array 
of two Big Wheels 


BNC: plug 
Mast DD¢OT 


Special attention must be paid that the two antennas are excited at the same phase when 
viewed from above or below. This means that the loops must be in the same direction from 
ground to inner conductor, In the case of the construction shown in Figure 4, it is necessary 
for the two antennas to be constructed in an opposite manner, so that the loops have the 
same phase, even though the connectors are opposite. The matching of such an array was 
such that the reflected power at 1270 MHz was only one thousandth of the forward power. 


Of course, it is also possible for other mountings to be made that are able to utilize the two 
additional nuts on the BNC-connectors. 
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A protective case should always be used when the antenna is to be mounted outdoors. In its 
simplest form, this can comprise a plastic bag, however, this will not last very long. An indivi- 
dual Big Wheel antenna can easily be mounted in deep-freeze boxes, and the stacked array 
in a plastic bucket (both should be mounted with the cover below), However, the rings that 
are provided on the bottom of such containers for stability should be removed so that no 
water, snow etc. is captured. An antenna protected in such a manner was mounted by the 
author in an aggressive atmosphere at the side of chimneys and ventilation shafts. The 
antenna was as good as new after being removed from the »bucket«. This also ensures that 
the Big Wheel is not inoperative for several months during the winter due to icing. 


The effects of different material thicknesses, as well as the characteristics of a very inter- 
esting antenna comprising four stacked antennas were not examined. 


A very interesting construction was made by a number of Bochum radio amateurs who held a 
tally to increase activity on the 23 cm repeater. In the case of these mobile antennas, the 
»spokes« were not placed beside each other but above each other. In the case of this type of 
construction, both ends of the loop can directly face the central point, i.e. the inner 
conductor, and not to the side of it. However, the spacing between each of the }/4 pieces 
was also maintained at 2.5 to 3 mm. 


The author feels that this article can form the basis of further experiments in this field, 


The author would like to thank DC3QS for assistance during measurements and experiments. 
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A TRANSCEIVER FOR THE 10 GHz BAND 
by J. Reithofer, OL 6 MH 


An increasing activity will be noted on the GHz-bands such as 23 cm and 13 cm, especially 
during SHF contests. A questionaire sent to the readers of UKW-BERICHTE showed that there 
was a great interest in the SHF-bands, The increase in interest in the 10 GHz-band (3 cm), 
rose considerably after it was introduced into Germany by Or. Dain Evans, G3 RPE at the 
Munich VHF/UHF convention in 1976. At the following VHF/UHF convention in 1978, G3 RPE 
showed an extremely simple, but reliable transceiver for the 3 cm band, whose concept was 
the result of years of experience and numerous experiments. This transceiver is now to be 
described in a manner that can be constructed practically by any radio amateur that is able to 
use simple tools. It is only necessary for him to purchase the waveguide profile, mixer diode 
and Gunn element, All other parts can be made in the shack. This is the reason why the 3 cm 
band can be classed as a real »amateur band«. 


VHP-FM radio 
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ampilitior 


IP -Amplitier 
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Microphone T 
Dot | amplifier Voltage 
generator | LOM 005 stabilizer 
t 
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012-34V 


a 
Onvort Fig, 1: 
= A 10 GHz transceiver 
, for wideband FM 
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Figure 1 shows the overall simple transceiver in the form of a block diagram, and Figure 2 
shows the photograph of the author's prototype. A free-running, mechanically-tuned Gunn 
oscillator is in operation both in the transmit and receive modes. A receive mixer is screwed 
on, which consumes a portion of the oscillator power, The rest is transmitted with the aid of 
an antenna, The antenna is also operative in the receive mode, 


A PC-board accommodates the circuits for the voltage supply, and modulation of the Gunn 
oscillator. An integrated voltage-stabilizer is used whose output voltage is adjustable, and the 
modulation voltage is fed to its contro! electrode. Modulation can be made either from a 
microphone, or dot-generator. These dots are pulses having a duration of approximately 150 
ms at a frequency of 500 Hz. They are used for finding the frequency and direction of the 
distant station. One will hear one’s own dots when a carrier is received in the 3 cm band. 
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This means that it is possible to find even very weak signals. If the partner station possesses 
an identical transceiver, one will hear one’s own dots when the partner station is tuned to the 
correct frequency. When the dots are audible at both ends of the system, the transmit fre- 
quencies will be spaced from another at the value of the intermediate frequency used, and it 
will then be possible to switch to the voice mode and carry out duplex communications 


An IF-amplitier for improvement of the sensitivity of the subsequent receiver, as well as an 
FM-receiver, complete the 3 cm station. Now to the intermediate frequency: Technically 
speaking, the two intermediate frequencies used at present of 30 MHz and 100 MHz are 
equally good. (in order to obtain a sufficient image rejection, it would be necessary to use a 
far higher intermediate frequency). A 100 MHz IF can be realized easily since any good VHF- 
FM broadcast receiver can be used. A cheap car radio is especially suitable since its metal 
case forms an effective screening and allows 10 GHz operation to be made even in the vicinity 
of VHF-FM broadcast transmitters 


When using equipment similar to the concept described here in conjunction with conventional 
transistorized radios, the author and many other radio amateurs have carried communications 
on a number of occasions over distances of up to 250 km from mountain to mountain 


However, if the partner station is equipped with a commercially available 10 GHz transceiver 
(so-called Gunnplexer), it is recommended that an IF of 30 MHz is also used since these units 
are only designed for this intermediate frequency, and cannot be tuned over a wider range 


If a wideband IF-preamplifier is used that is able to work on 30 MHz and 100 MHz, it will be 
possible to connect a receiver for both frequencies 


The construction of the 10 GHz transceiver is now to be described: For clarity, it is to be split 
into the various modules: microwave module, power supply and modulator, and IF-pre- 
amplifier 


Fig. 2: Photograph of the author's prototype 
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Fig. 3: 
The microwave portion: 
Gunn oscillator and mixer 


1. MICROWAVE MODULE 


Figure 3 shows the photograph of the author's prototype, and Figure 4 gives the positions of 
the individual parts and the main dimensions. The individual parts - without standard parts 
such as screws and nuts — are given in Figure 5, the screws, nuts and waveguide (R 100 / 
WG 16 / WR 90) are made from brass. The only exception to this is the tuning screw (part L), 
which is made from PTFE. In addition to this, four plastic screws and two pieces of mica or 
PTFE-foil are required. The latter is now often used by plumbers for sealing the screw 
connections between pipes. 


WG 16/WR90 
—.R100 


Fig. 4: 

individual parts and 
dimensions of the 
microwave module 
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Fig. 5: Parts of the microwave module of the 10 GHz transceiver 


The given dimensions must be maintained during construction. The trequency-determining 
cavity of the Gunn oscillator is between the Gunn element and the iris (part C). The iris 
covers a certain portion of the resonator; a large aperture results in a higher output power, a 
small aperture will offer a higher frequency stability. A diameter of 7 mm represents a good 
compromise. 


The cavity behind the Gunn element is sealed with a variable plunger made from a brass 
block (part E). After aligning for maximum output power, this part is clamped into position 
with the aid of the two M3 screws at the side. These plungers should fit as tight as possible 
in the waveguide, For this reason, it should be worn down with emery cloth on a flat surface 
after cutting with a metal saw so that it fits exactly into the waveguide. 


The Gunn-element is placed in an axial, 5 mm deep hole of 1.7 mm diameter between the two 
threaded bolts | and K. The two bolts must be exactly in the same axis so that the Gunn 
element is not mechanically loaded and destroyed when inserted into place. This is made by 
firstly drilling a 2.5 mm hole in a single process through both walls of the waveguide, and 
extending the hole for part | to a diameter of 3.5 mm. This is followed by cutting a M3, or 
M 4 thread respectively, The nut for the M 4 bolt is soldered into place on the outside of the 
waveguide. Do not forget to screw the nut tightly into place before soldering. The M3 nut 
should now be soldered into place on the small brass plate »D«. 


This part is insulated from the waveguide with the aid of a mica disk or PTFE-foil, and 
mounted into place using two plastic screws (M3 or M 4). The capacitor formed in this way 
bypasses the Gunn oscillator for the highest frequency. In order to avoid excitation at lower 
frequencies, and also to protect against any voltage peaks, a RC-link of 100 nF and 100 £2 is 
connected between this plate and ground (waveguide). Finally, it should be mentioned that 
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the plastic screws should not protrude into the waveguide. but should be shortened so that 
they are a level with the inner surface of the waveguide. A solder tag should be soldered to 
the brass plate to teed in the operating voltage of the Gunn-element. 


The Gunn oscillator is tuned with a PTFE M4 or M5 bolt. This part «L« is placed in a guide 
which is provided by a suitable nut soldered to the outside of the waveguide as shown in 
Figure 4. A further nut at the side of the flange will improve the guide. It is then possible for a 
large knob to be provided, or, if preferred, a slow-motion drive can be used. In the case of 
the author's prototype, a M 5 PTFE screw provided a frequency range of 10.2 to 10.5 GHz. 


The screwing of the waveguide flange (part G) to the iris is only shown briefly in Figure 4. 
otherwise has been deleted for clarity. Normal soft-soldering is completely sufficient for 
mounting the flange to the waveguide. The rectangular cross-section of the flange should be 
kept as srnall as possible so that it fits tightly onto the waveguide This simplifies soidering 
into the correct position. 


The front, left-hand part of the waveguide module is the mixer. This module mixes the fre- 
quency of the Gunn oscillator with the receive frequency from the antenna. 


The passive mixer operates with point-contact diodes of the well-known series 1N 23C - F. 
The higher the last letter is in the alphabet, the lower will be the noise-figure of the diode. 
The spacing of the iris to the center line of the diode amounts to 27 mm. It can be seen from 
the illustrations that one end of the diode (cap) is placed in a brass block (part F) and is 
grounded (waveguide). The other end (pin) is placed in a threaded bolt (part H), which 
possesses a hole of 2.5 mm diameter in an axial direction. This threaded bolt is held in a M 4- 
nut that is soldered onto a small brass panel (part B). A second nut is used for countering. 
Part »B« is insulated from the waveguide in a similar manner to part »D» of the Gunn oscil- 
lator using a mica disk or PTFE-foil, and this also provides the bypass for SHF. Two plastic 
screws (M3 or M 4) are also used here for mounting the metal plate to the waveguide, and 
these should also not be allowed to protrude into the waveguide. Suitable threaded holes 
should be provided in the waveguide for them. 
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Fig. 6: Voltage stabilizer with modulator and dot-generator 
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Three M3 screws are provided in the brass block (part A) between the mixer diode and the 
antenna flange, which are used for optimizing the matching of the mixer diode. As can be 
seen in Figure 3, it is possible for these screws to be spring-loaded so that the adjustment is 
not altered by shock or by vibration, 


A DC-current of 1 to 2 mA should flow through the mixer diode, which can be aligned with 
the aid of the matching screws. After optimizing the receive sensitivity, a few mW of oscillator 
power will be consumed by the mixer diode, which means that approximately 2 to 6 mW 
remain for transmitting according to the Gunn element used. One may think that this is too 
low, but experience has shown, and confirmed by calculation (1) that even the furthest line- 
of-sight communication can be made when antennas with a gain of up to 30 dB are used 


Finally, it should be mentioned that Gunn elements with a higher power than approximately 
15 mW are not suitable for use in this transceiver concept. Furthermore, this unit is also suit- 
able for amateur television communications after a few modifications and additions, The 
author has already transmitted CCIR-standard colour television transmissions using this 
system. 


2. POWER SUPPLY AND MODULATOR 


The simple circuit of this module is given in Figure 6. The dot-generator operates using an 
integrated four-gate circuit in C-MOS technology (| 1); the two upper gates in the circuit 
diagram are used to generate the slow pulse sequence and the two lower ones for the fast 
mode. Both are added and fed via the level potentiometer P1 to the voltage stabilizer | 3, 
which is »misused« here as modulator, A cheap operational amplifier type 741 (| 2) is used for 
amplifying the NF-signal from the microphone, A frequency-dependent feedback |s adjustable 
with the aid of P 2. A protection against incorrect polarity is provided at the voltage stabilizer 
and the most favorable operating voltage for the Gunn element used can be set with the aid 
of P 3. Figure 7 shows a small single-coated PC-board with the designation DL 6 MH 003 
which is designed for accommodation of these circuits 
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Fig. 7: PC-board of the voltage stabilizer and modulator 
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Fig. 8: 
An aperiodic IF-preamplitier 
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Fig, 9: Fig. 10: 
PC-board for the IF-amplitier One of several possibilities 
to construct the 10 GHz 
transceiver 


3. IF-PREAMPLIFIER 


Since the sensitivity and gain of most VHF-FM radios, and 30 MHz amplifiers is too low, a 
preamplifier is provided between the mixer diode and the IF-receiver. Since this preamplifier 
is mounted directly adjacent to the mixer diode, the adverse effects of the coaxial cable to 
the subsequent receiver are avoided. Figure 8 shows the circuit diagram of a very simple. 
two-stage, untuned amplifier that can be used for all intermediate frequencies. The DC- 
current for the mixer diode flows via the choke at the input; it is possible for this current to 
be measured at the ground-end after this has been disconnected and bypassed. A small PC- 
board suitable for accommodating this preamplifier is shown in Figure 9. 


Editorial Note: The amplifier equipped with a FET transistor type E 300 described in (2) is also 
very suitable for use as IF-preamplifier for 100 MHz. A lower-noise, wideband amplifier is the 
two-stage preamplifier equipped with transistor types BFT 66 and BFR 34 A described in (3) 
However, if the lower limit frequency is to be reduced to less than 30 MHz, the inductance 
values of the chokes should be increased to approx. 3.3 wH or more, as well as the capaci- 
tance values of the coupling and bypass capacitors (100 pF or 10 nF), and furthermore the 
number of turns on the ferrite transformers should be doubled (from m = 3,n = 5,R = 1 to 
m= 6,n = 10,R = 2) 
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Fig. 11: Another form of construction 


4. FINAL NOTES 


The PC-board, switches and connectors can be accommodated in a metal case (Figure 10) or 
grouped around the waveguide (Figure 11). A 5 mm thick metal plate can be provided with a 
thread suitable for a camera tripod onto which the transceiver can be mounted. For radio 
amateurs new to this technology, it is recommended that a horn-radiator as described in (4) 
be used. This can be made from tin plate, or from single-coated PC-board material. If there is 
sufficient interest, the construction of a highly-efficient parabolic antenna will be described 
later 
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SINGLE-STAGE 15 W LINEAR AMPLIFIER for the 2 m BAND 
By M. Ulbricht, DB 2 GM 


There are a large number of small portable and mobile transmitters having an output power 
of 2 to 3 W, Since there is a requirement to increase this to a higher output power for certain 
applications, the author designed a small linear amplifier having an output power of approxi- 
mately 15 W at an operating voltage of 12 to 14 V. This amplifier is suitable for all operating 
modes and can be used universally due to its built-in RF-VOX circuit and antenna change- 
over relays. Since the linear amplifier was mainly to be used in the SSB mode, special 
attention has been paid to obtain good linearity. The description is to be given in more detail 
than would be absolutely necessary for experienced VHF amateurs, so that even newcomers 
will be able to construct this amplifier without problems. 


1, CIRCUIT DESCRIPTION 


As will be seen in Figure 1, a portion of the drive power is fed via the coupling capacitor C 1 
to a voltage doubler circuit. The positive DC-voltage at the base of T 1 allows transistors T 1 
and T 2 to conduct and energizes the three miniature relays Rel 1 to Rel 3. This connects the 
input and output connectors to the power amplifier equipped with transistor T3, and the 
base voltage divider of this transistor will receive the operating voltage via relay Rel 2. 
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Fig. 1: Circuit diagram of the single-stage 15 W linear amplifier 
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It is now possible for the main component of the drive power to be fed via Rel 1 and the input 
matching network (C 10, C 11/C 14, L 1) to the power transistor T 3. The network comprising 
L 2, C 12, C 13, at the collector matches the output impedance of T 3 to the antenna (50 2). 
The operating voltage of the transistor is fed via choke RFC 1, and all frequencies that can 
occur on the voltage line are bypassed using capacitors C7 to C9. 


The power transistor requires a base bias voltage of approximately 0.7 V in order to operate 
in the linear mode. This voltage must be very stable, if the input signal is to be amplified at 
low distortion. For this reason, a low-impedance voltage divider comprising the dropper 
resistor R 4 and diode D 4 allow a relatively high pass current of 300 mA to flow. This means 
that the fluctuating base current caused by the voice modulation will only cause a smail 
variation of the bias voltage. 


The pass current for the base bias voltage is switched off by relay Rel 2 in the pauses 
between transmission (receive mode). It is assumed that the provision of an extra relay is 
more favorable under battery-driven operation than to have a continuous power consumption 
of 4 W. In addition to this, resistor R 4 will have a chance to cool. 


If the power amplifier is only to be used in the FM or CW mode, it would not be necessary for 
it to be linear, and class C operation can be aligned. This can be achieved easily by deleting 
relay Rel 2 so that the base is no longer biased. The transistor will then operate in class C 
with a threshold voltage of 0.7 V due to its base-emitter diode. 


2. COMPONENTS 


+t BC 413 or similar NPN-AF transistor 

T2; BC 415 or similar PNP-AF transistor 

T3: B 25-12 (CTC) 

D1-03: 1N 4148, 1N 914 or 1N 4151 

04; 1 N 4007 

Rel1-Rel3: RH-12 Vor RS-12 V 

C1; approx. 3.3 pF ceramic disk capacitor (see text) 
C2: 4.7 uF / 16 V tantalum 

C6,C7: 1 nF disk capacitors 

CQ: 47 F / 16 V electrolytic capacitor 


C10,C 11: Plastic foil trimmer, green, 7.5 mm dia. 1.8 - 22 pF 
C 12, C 13: Tronser air-spaced trimmer 30 pF 


3 feedthrough capacitors of approx. 1 nF 
All other capacitors; ceramic disk types 


hey I 2 turns of 1.5 mm dia, silver-plated copper wire, inner diam.; 7 mm, 

0 pulled out to the length between the holes in the PC-board 

L2: 3 turns, otherwise as L 1 

RFC 1: 5 turns of 0.5 mm dia, enamelled copper wire, inner dia. 4mm, 5 mm long 
RFC 2: 6-hole ferrite core (Philips) 

R4: 47Q2/4W 


Case bent from tin plate: 145 mm x 70 mm x 27 mm 
2 BNC connectors; 1 heat sink of approx, 120 mm x 100 mm x 25 mm 
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Fig, 2; Component locations of the single-coated PC-board DB 2 GM 001 


3. CONSTRUCTION 


The PC-board DB 2 GM 001 ensures that the linear amplifier can be constructed easily. The 
dimensions of this board are 145 mm x 70 mm. The component locations and the conductor 
lanes of this single-coated board are given in Figure 2. 


The required holes are made in the board after which it is provided with two approx, 1.5 mm 
wide slots for the two ceramic disk capacitors C 6 and C 7 so that they fit tightly to the board. 
Further slots must be made for the two tronser trimmers C 12 and C 13. The holes for induc- 
tances L 1 and L 2 are drilled out to 1.5 mm diameter, and to 1.3 mm for the connection pins. 
A further hole should be drilled at the position of transistor T 3, It is now possible for all com- 
ponents with the exception of T 3 to be mounted onto the board 


The individual parts of the case can now be provided with the required holes according to 
Figure 3. The screening panel is manufactured from thin tin plate and provided with the holes 
for the two feedthrough capacitors, and a cutout for the coaxial cable interconnecting Pt 2 
and Pt 3. 


It is now possible for the PC-board to be soldered to the two side panels of the case. This is 
firstly made at certain points and then soldered all around the board to the ground surface. 
The base and top covers must have a tight fit to the case, The top cover is removed again 
and the PC-board, base cover, and heat sink bored at the position of T 3 (Figure 4). This is 
made with the same drill as was used previously to drill the hole in the PC-board. After this, 
the base panel and heat sink (but not the board) are drilled out to 4 mm diameter so that the 
mounting screw of T 3 can be passed through them 
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Fig. 3: Metal parts 
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Fig. 4: Installation and cooling of the power transistor 


This is followed by placing T 3 onto the lower side of the board and soldered into place. 
Attention should be paid that it fits weil through the hole, without mechanical tension, 


This must be tried out in practice. It is advisable for the emitter strips of the transistor to be 
firstly soldered temporarily, so that it can be shifted slightly if required. 


The PC-board is screwed to the heat sink at the three points marked in the component 
location plan, M3 threads should be cut into the heat sink for this. Spacing bushings of 6.5 
mm in length must be provided between the PC-board and the base cover. These can be 
made from two M 4 nuts or from actual bushings (see diagram in Figure 3). It is now possible 
for the connectors and feedthrough capacitors to be screwed into place, The screening panel 
is now mounted into place as shown in Figure 2. Attention should be paid that the BNC- 
connectors are well grounded to the case. It is preferable to solder them to the case after 
mounting. 

It is now possible for the wiring of the power amplifier to be completed. A thin coaxial cable, 
@.g. RG-174, can be used for the interconnection of the path from Pt2 to Pt3, Attention 
should be paid when soldering this cable that the soldering process is carried out very 
quickly since the dielectric of the cable is liable to melt and cause a short-circuit between 
inner and outer conductor, 
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Before final assembly, the base of transistor T 3, both sides of the lower cover, and the heat 
sink are provided with heat-conductive paste so that a good heat dissipation from T3 is 
guaranteed 


The photograph given in Figure 5 shows the author's prototype whose specifications were 
measured in the laboratory of VHF COMMUNICATIONS 


Fig. 5; Photograph of the author's prototype 


4. ALIGNMENT 


The following equipment is required for alignment of the power amplifier: Ampéremeter (3 A), 
power supply (13.5V/3A), a 2 m transmitter, VSWR-meter, and a terminating resistor, or 
well-matched antenna, These are interconnected as shown in Figure 6. If available, it is 
advisable to connect a 2 m bandpass filter (1) between the power amplifier and VSWR-meter, 


E ? | PA Ee SWR [ote | 5002 
; Fig. 6: 


® Measuring set-up 
135 for alignment 


Only approximately 1 mA current should flow when the operating voltage is connected to the 
power amplifier. If possible, the power amplifier should firstly be driven with a lower drive 
power (0.5 W), The RF-VOX should now energize the three relays, This will be seen as an 
increase of the current drain to the power amplifier, which can be up to approximately 1 A, 


- 220 - XX =VHF COMMUNICATIONS 4/1979 


according to the position of the trimmers. If this is not the case, it is necessary for the RF- 
VOX to be checked, In this case, the possible cause is coupling capacitor C 1, whose value 
may be too low so that the VHF voltage is not sufficient to switch T 1. In this case, the value 
of C 1 should be increased until the RF-VOX switches reliably. In the case of the two author's 
prototypes, C 1 had a value of 3,3 pF. 


It is now possible for the power amplifier to be aligned. This is commenced by adjusting the 
output trimmers C 12, C 13. After these have been aligned for maximum power, the same 
alignment is made using the input matching C 10, C 11, A clear maximum should be found 
for all trimmers, After completing this preliminary alignment, it is possible for the power 
amplifier to be driven with the full input power. The four trimmers are now aligned alternately 
several times for maximum on the power meter, since there is a certain amount of inter- 
action. The receive path can be checked by switching off the operating voltage to the linear 
amplifier. The power meter should now indicate approximately the drive power from the 
exciter, since this is now switched through via the receive path. If this level is not indicated, 
the fault will probably be in the coaxial cable, This completes the alignment of the power 
amplifier. It is now possible for the delay time of the RF-VOX circuit to be adjusted as re- 
quired by altering the value of C 2. The larger the capacitance value, the larger will also be 
the delay. 


The linear amplifier is now ready for practical operation 


Attention should be paid that the power amplifier is not overdriven using too much drive 
power, No problems were found when using this amplifier in conjunction with an IC 202. It is 
favorable, if the drive power can be adjusted, to obtain the most favorable drive level, 


a 


20W 2.5A 


_ DB2GMO01 


- = eaeee 


3W 


Fig. 7: Output power and current drain as a function of drive power 


X& VHF COMMUNICATIONS 4/1979 - 221 - 


5. MEASURED VALUES 


The values given in Figure 7 were measured at operating voltages of 12 V and 13.5 V on the 
author's second prototype. The RF-VOX was switched independent of the operating voltage 
at a drive power of 60 mW. The 1 dB bandwidth amounted to 2.1 MHz; and the 3 dB band- 
width to 3.8 MHz 


6. MODIFICATIONS 


If the power amplifier is only to be used in the FM or CW mode where no linearity is required, 
it is possible for Rel 2, D 4 and R 4 to be deleted, R 5 is increased to 20 2 and grounded. 


For lower output powers (1 W) it is possible for a CTC transistor type B 12-12 to be used for 
T 3, which is then able to provide an output power of 10 to 12 W. This transistor can also be 
well matched using the given networks. However, this transistor is not recommended for 
SSB, since it possesses a lower drive range. Furthermore, it is not able to handle the higher 
quiescent current. During experimental operation, the power dropped rapidly after approxi- 
mately 10 s, and the transistor became too hot. 


The next larger transistor in this family, the B 40-12, should also be suitable, but was not 
tested experimentally. 
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Programmable Rotator Control 


It is possible with our programmable rotator contro! to preset a total of 12 
directions. One of these is in the form of a compass scale on the front panel 
This programmer can be used in conjunction with any rotator having a poten- 
tiometer for position reporting, One can obtain this controller either as a kit, 
Or a$ @ ready-to-operate unit in a cabinet 


Kit DK 1 OF 033 complete with magazine . DM 199.00 
Magazine description only DM 4,00 


Programmer 
ready-to-operate in cabinet 


Dimensions 152 mm x 111 mm x 162 mm 
With compass scale, potentiometer and 12 
mation: preset buttons as can be seen in the photo- 
& graph Price DM 398.00 


UKW-TECHNIK / UKW-BERICHTE - Hans DOHLUS oHG - D-8523 BAIERSDORF - 
Postfach 80 : Jahnstr. 14 « Telefon (09133) 855 + 856 (Anrufbeantworter) » Telex: 629 887 
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DESIGN OF CRYSTAL OSCILLATOR CIRCUITS 
Concluding Part 2 
by B. Neubig, DK 1 AG 


5. FREQUENCY STABILITY OF CRYSTAL OSCILLATORS 
5.1. Long-term Stability 


The long-term stability is dependent on the aging characteristics of the external components, 
especially on the Q of the resonant circuits and the damping effect of the transistors on the Q 
of the crystal. It is also dependent, of course, on the aging of the crystal, which differs 
according to the type of crystal and its drive level in the oscillator, and will amount to a 
typical value of 1 to 3 x 10°*/year during the first year. Since the aging is reduced logarithmi- 
cally as a factor of time, it is possible to reduce this by previously aging the crystal, if 
possible at the manufacturer, at a temperature of between 85°C and 125°C. 


The drive level of the crystal should be as low as possible for an oscillator that is to have a 
good long-term stability ( 1 to 20 yW). Due to their better temperature characteristics, AT- 
crystals are preferable. When very stable crystal oscillators are required, relatively low-tre- 
quency overtone AT-crystals should be used due to their higher Q and higher L,/C, ratio, In 
this case, crystals operating at their third or fifth overtone of 5 or 10 MHz are used. 


5.2. Short-term Stability 


The short-term stability of crystal oscillators was only of interest in the past for high-precision 
oscillators such as secondary frequency and time standards. In recent times, however, this 
has become more and more important due to the widespread use of synthesizers in HF, and 
especially in VHF and UHF receivers, as well as for oscillator chains for the microwave fre- 
quencies, 


The noise-content at the output of a crystal oscillator 
U(t) © (Up + & (t)) SIM (aot + @ (t)) (20) 


will have a mean amplitude Uy, which will vary in the order of a noise component e (t), and an 
overall phase with the center frequency v5, which has a noise component @ (t). Since a phase 
variation dq as a function of time is correlated with a frequency, this means that: 

t 


1 
1) = +o St (21) 


The oscillator signal will thus be modulated by the phase noise, and will possess noise side- 
bands, which will be visible on a sensitive, selective spectrum analyzer, 


In the receive mixer, the input signals are mixed with the oscillator signal and its noise side- 
bands. This means that a noise-signal will be present in the passbands in addition to the 
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selected input signal. This noise-component can be so large that it is able to block the 
receiver (6), (7). 


Methods of measuring phase noise with amateur means were described in (8) and (9). Further 
details were given in (10). The measuring and evaluation method described by the IEC in (11) 
has found international recognition. 


Details regarding the noise-behaviour of crystals are given in (12) and (13). The following 
aspects should be considered during the design of short-term, stable crystal oscillators: 


In contrast to extremely long-term, stable crystal oscillators, the drive level to the crystal 
should be relatively high (100 to 500 uW) for this application, 


The Q of the crystal will be dampened in any oscillator; in the case of single-stage, self- 
limiting oscillators, the effective Q will amount to only 15 % to 20 % of the Q of the crystal. 
Usually, series-resonance oscillators are more favorable than parallel-resonance oscillators, 


In the case of bipolar transistors, the noise will be mainly dependent on the base-emitter 
path. In this case, the noise of PNP-transistors will be lower than a complementary NPN- 
transistor, MOSFETs have a very high noise level, where 1/f-noise dominates at low frequen- 
cies, and thermal noise of the drain-source path at higher frequencies. Junction-FETs 
possess lower noise levels in comparison to bipolar transistors and MOSFETs. For this 
reason, a high-current power FET such as type CP 643, or P 8000 (14) is recommended for 
low-noise crystal oscillators. 


If bipolar transistors are to be used, then one should select types with the highest possible 
DC-gain (hee), but with very low base resistance (rpp'), in other words, typical VHF transis- 
tors, which should then be used at the lowest collector current. 


However, the short-term stability can be improved more using the following means than by 
the above methods (even including especially designed crystal): 


Single-stage crystal oscillators should be avoided. They possess a very high phase noise. 
since the transistor is driven into limiting. In this case, the collector base-voltage will be 
virtually zero during parts of the cycle, and the base-emitter threshold voltage (silicon: 0,6 V) 
will be exceeded. The transistor impedance that is »seen« by the crystal, will fluctuate in time 
with the RF-signal, which will generate strong noise sidebands on the oscillator signal. 


This means that the limiting function of an amplifier stage connected to a crystal oscillator 
must be avoided. However, an amplitude control loop is unfavorable, since this could 
generate additional phase noise. 


The best means of improving the short-term stability is to use a strong RF-feedback. A well- 
proved circuit was introduced in 1972 by M.M. Driscoll (15), which uses a third overtone 
5 MHz crystal. Since then, several circuits based on this have been published that possess 
very good short-term characteristics up to 100 MHz (16) to (19). The basic circuit is given in 
Figure 15. It comprises a two-stage, three-pole oscillator with the resonant circuit Ly/Cy. A 
cascade circuit is used as amplifier (low internal feedback !), in which the first transistor is 
provided with feedback in the emitter circuit by the crystal (compensated with L,). Transistor 
T, operates stably in class A (i¢ = 5 mA). Transistor T, is isolated from the crystal, and oper- 
ates at a quiescent current of only 0,8 mA. This means that this stage is firstly limited and will 
determine the oscillation amplitude. The higher the series-resonance resistance R, (for a 
given Q !) of the crystal, the better will be the short-term stability, since this will increase the 
negative feedback of T,. 
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Fig. 15: Crystal oscillator (5 MHz/third overtone) with large short-term stability 


The crystal dissipation amounts to 85 ,W in this oscillator, the RF output level will be in the 
order of 4 dBm, and the effective Q will amount to approximately 50% of the crystal Q 
Figure 16 shows the results of measurements of phase noise, that were given by U.L. Rohde 
in (21). 


Fig, 16a: 

Sideband noise of various 
signal generators 

in comparison to the 

5 MHz oscillator 

shown in Fig, 15 
according to (21) 
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The amplitude limiting can also be achieved when biased Schottky diodes are connected in 
anti-phase at the output of T, (due to the low 1/f-noise of these diodes). 


A low-noise oscillator which has been designed for use with a 96 MHz crystal according to 
this principle is given in Figure 16b. Power-FETs type P 8000 are used and adjusted for 
stable class A (R 1, R 2, R 3). The circuit is provided with a low feedback with the aid of C 1 
by selecting a relatively high capacitance value. The value of L, is calculated according to 
equation 13, with Cy = 5 pF. Inductance L 1 should have approximately 0.25 4H, and diode D 
used for amplitude limiting is a Schottky diode such as HP 2800. 
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Fig, 16b: 

Recommended circuit for a 
short-term stable VHF-crystal 
oscillator (96 MHz) 


For alignment, the limiting diode should be disconnected and the crystal short-circuited. With 
the aid of the trimmer, the self-excited frequency is aligned to approximately 96 MHz. After 
connecting the crystal, compensation coil bp is aligned to 96 MHz with the aid of a dipper 
with the oscillator switched off. The oscillator must commence crystal-controlled oscillation 
immediately on connecting the operating voltage. The RF-amplitude will drop to approxi- 
mately half the value of the self-limiting oscillator on connecting the diode (Ujjrpjt). 


It is also possible to use the limiting characteristics of a subsequent differential amplifier 
instead of this (19). 


Stable short-term crystal oscillators up to 100 MHz can be constructed according to this cas- 
cade principle with the crystal in the emitter circuit, A further reduction of the noise side- 
bands is obtained by placing a simple crystal filter after the crystal oscillator, as is shown in 
Figure 17. L, is wound bifilar on a toroid core and aligned to the center frequency with the 
aid of C,. The capacitance C, should be selected so that it is equal to the static capacitance 
Cy of the crystal. The terminating impedance (22) is: 


(22) 


(23) 


Fig. 17: 
Simple crystal fiiter 
for reducing phase noise 
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6.DIODE SWITCHING OF SEVERAL CRYSTALS 


Poor practices in this respect are even to be found in professional equipment. A »worst case« 

-circuit is given in Figure 18 a, which possesses all typical faults: 

The switching diodes have RF-voltage at both connections, and the blocking voltage is 0 V. 

This means that the diodes are opened in time with the RF-voltage and the interaction over 

the junction capacitance of the diodes can then cause: 

@ A pulling of the frequency due to the adjacent crystal 

@ Jumping of the oscillator frequency during the pulling process 

@ Finally a non-selected crystal having a higher Q, or a lower-impedance spurious resonance 
of any of the crystals can determine the frequency. 

Since these effects often only occur at certain temperatures or operating voltages, it is often 

difficult to localize such faults. In some cases, the crystals are simply short-circuited by the 

parallel-connected diode, which may not have any effect if the diode impedance is far less 

than the impedance of the crystal. 


! 
' 
1) Or 
RFC 


Fig. 18a; Worst-case method of diode switching 
"Up 


A favorable circuit is given in Figure 18 b. The diodes are »cold« with respect to RF-voltages 
at one pole and are biased with half the operating voltage. When diode D, is opened, D, will 
be blocked with half the operating voltage (Ug,2). A further improvement of the isolation is 
obtained when an additional short-circuit diode is connected in parallel to the crystal 
(dashed), The disadvantage is, of course, the large number of components. Suitable, low- 
capacitance, fast switching diodes are, for instance, types BAY 67, 1 N 4148, or 1N 4151. 


The most reliable method of switching crystals is to use separate crystal oscillators ! 
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Fig. 18b: Improved diode switching circuit for crystal oscillators 


7. MODERN CRYSTAL OSCILLATORS USING INTEGRATED CIRCUITS 
7.1. TTL and CMOS Gate Circuits 


These oscillators are usually used where they are least suitable: in frequency and period 
counters, clocks and other measuring equipment 


The well-known basic circuits for parallel and series-resonance oscillators using TTL and 
CMOS gates are given in Figure 19 (23), (24), (25), The feedback resistors are necessary for 
linearizing the gates; if these were deleted, the oscillator would have difficulties in commenc- 
ing oscillation, if at all. 


TTL and CMOS gates are digital components and are optimized to switch cleanly between 
two limit values. It is true that they can be linearized using feedback, however, this linear 
behaviour is not reproducible and most certainly does not represent an optimum 


Let us consider, for instance, the amplitude and phase response of two series-connected, 
linearized Schottky-NAND gates SN 74 S 00 as a function of frequency (Figure 20). The theo- 
retical phase shift of 0° will only be achieved in the vicinity of zero Hz ('), and in excess of 
this will achieve any phase angle between 0° and 160°, and will virtually represent and ideal 
inverter (26) at the upper frequency limit. 
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Fig. 19: Oscillators with logic gates 


Fig, 20: Amplitude and phase response of a linearized SN 74 S 00 
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Fig. 21: 
Equivalent gate inductance and frequency error \f with various 
samples of clock IC type 8224 microprocessor 8080) 


Holmbeck (27) examined several samples of the clock IC 8224 of the microprocessor system 
8080. The measured values of two samples are given in Figure 21. Generally speaking, the 
inverters have an inductive behaviour, in other words, react in a similar manner as when an 
inductance were connected in series; a strong fluctuation was found between the indivi- 
dual samples. The frequency response of this equivalent inductance is shown in the upper 
diagram for two samples of the same integrated circuit, The effects of this on a crystal oscil- 
lator can be seen in the two tables: 


@ At low frequencies (2 MHz) both oscillators will operate stably at the third overtone instead 
of the fundamental mode; 


@ The frequency shift with respect to series resonance will become greater and greater on 
increasing frequency and will attain thousands of ppm, with fluctuations of also thousands 
of ppm due to the spread from IC to IC. 


@ Sometimes, a capacitor is connected in series in order to compensate for the effect of 
. The values of such a capacitor are given in the last column. If, for instance, 14 pF are 
required by one IC at 10 MHz, it may be that only 1 pF (!) will be required with another IC. 

At frequencies in excess of 12 MHz, a capacitor will no longer be able to help. 


@ Finally, at 18 MHz, both crystal oscillators are no longer crystal-controlled, The cause of 
this is the second resonance position formed by Leg and Cy of the crystal (see section 4), 
If this is far above the crystal frequency, this excitation can only be avoided when a small 
capacitor (lowpass) is connected in parallel to the feedback resistor of the gate. 
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@ Since the loop gain is very high, It is also possible for spurious parasitic resonances to be 
present together with the parasitic external capacitances. 


@ In the case of LF-crystals, it is often easier to excite higher-frequency modes than the 
fundamental, 


@ Finally, it is also possible for the drive level of the crystal to become so high that the 
crystal will operate in an unstable manner, 


This information is also valid for circuits equipped with integrated dividers such as CD 4060, 
MC 14521, MC 14410, E 1115, as well as the clock IC MC 6875 (for \.P 6800), etc. 


7.2. Survey On Integrated Circuits as Crystal Oscillators 
7.2.1, ICs with Digital Outputs 


The TTL-VCO circuits such as 74324, 74325, 74326, 74327, as well as their Schottky and low- 
power Schottky derivations fall under the same category as the gate oscillators, They operate 
more or less by chance when a crystal is provided instead of the frequency-determining 
capacitor. 


Measurements made by the author gave the following results: 


Figures 22 a and 22 b show the frequency error (difference between the oscillator frequency 
and the series-resonance frequency of the crystal) of several samples of types SN 74 LS 324 
and SN 74LS 325. The first ones oscillated wildly in excess of 3 or 4 MHz, and oscillated 
several 1000 ppm below the crystal frequency in excess of 2 MHz. IC type SN74LS 325 
stopped oscillation, according to the sample in question, at 5, 6 or 8 MHz, and showed 
similar frequency errors, but at a higher frequency. Type SN 74 LS 326 only operated in a 
crystal-controlied manner at 1 MHz, only between 1 and 2 MHz, or only at 2 to 2.5 MHz. 


During these measurements, the high »range« input (pin 2 of 324) was directly connected to 
+ 5 V, and »frequency control« inputs (pin 13 of 324, pins 6 and 11 of 325, pins 9 and 10 of 
326) were grounded. According to subsequent information from the manufacturer, better 
results should be possible if only + 4 V is present at these inputs instead of + 5 V and a bias 
voltage of + 1 V instead of 0 V. 


Two integrated circuits which are especially designed as crystal oscillators are now to be 
introduced; 


Plessey SP 705 B: This is a Butler oscillator (1 to 10 MHz) with anti-phase outputs of f/2 and 
1/4. According to the data sheet, the frequency error at 10 MHz is typically — 50 x 10°°. How- 
ever, the spread of this value is not given. 


The results measured by the author are given in Figure 23: None of the oscillators operated 
below 1 MHz. From 1 MHz the well-known inductive behaviour (reduction of frequency) was 
noticed until oscillation ceased, according to the sample, in excess of 2.5 MHz, 3 MHz, or 
4 MHz. In excess of 8 MHz, oscillation commenced again with a positive frequency error, and 
ceased again in excess of 10 MHz or 12 MHz. Furthermore, the built-in frequency divider did 
not work reliably, In the case of integrated circuits No. 2 and 3, the full, undivided frequency 
appeared at the output in the lower frequency range | 
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Motorola MC 12060/12061 : IC type 12060 is designed for the frequency range from 0.1 MHz 
to 2 MHz, and type MC 12061 from 2 to 20 MHz. Both types are in the form of Butler circuits 
with built-in AGC, They supply two anti-phase sinewave, as well as TTL and ECL signals. 


Measuring results: 


MC 12060: All samples oscillated reliably up to in excess of 2 MHz, but provided consider- 
able frequency errors of between — 550 x 10° and — 1100 x 10°° at 2 MHz (Figure 24). At 1.5 
Mhz, these frequency errors are still between — 110 x 10° and — 200 x 10°. This large spread 
limits the applications of this IC to a large degree if a reproducible oscillator frequency is 
required. 
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Fig. 24: 
Frequency error 
with MC 12060 
(Motorola) 


Fig. 25: 
Frequency error 
with MC 12061 
(Motorola) 
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MC 12061: Up to 15 MHz, all oscillators operate with frequency errors of up to — 235 x 10° 
(Figure 25), which is very good in comparison to other oscillator ICs. The frequency error of 
the individual oscillators in comparison with another is approximately 45 x 10°° (at 15 MHz) 
which can satisfy moderate demands. IC No. 2 stopped oscillation in excess of 18 MHz, and 
IC No. 1 in excess of 20 MHz. All samples operated excellently at 1 MHz (frequency error only 
-1to-3x 10%), 


7.2.2. Analog ICs 


National Semiconductors LM 175/275/375 


According to the data sheet, this type is a differential amplifier that can be used in series and 
parallel-resonance in a frequency range of 800 kHz to 20 MHz, The IC requires a large 
number of external components. As is also given in the data sheet, it is not possible for an 
aperiodic oscillator to be constructed ! It is always necessary to provide a resonant circuit, 
On the other hand, no resonant circuit should be provided in the buffer stage (e.g. for 
harmonic suppression), since the stage could otherwise break into oscillation. This was also 
confirmed by Harrison in (4). 


Only the series-resonance circuit was tested according to the data sheet. The crystal was fed 
back from the output to the non-inverting input of the differential amplifier, and an additional 
capacitor was inserted to ground. The inverting input is provided with a neutralizing voltage 
via a Capacitive divider in order to ensure that the oscillator will not oscillate wildly together 
with the static capacitance of the crystal. 


The oscillator can be pulled by several hundred ppm with the aid of the output circuit. If the 
circuit is aligned for maximum output voltage, a frequency error of between — 760 ppm and 
+ 210 ppm with respect to the crystal frequency will be obtained when using crystals of 
between 800 kHz and 20 MHz. These frequency errors can always be corrected by detuning 
the output circuit. The required detuning was usually in the vicinity of the upper limit of 
stable commencement of oscillation, but this could possibly be improved by altering the com- 
pensation capacitors. 


The frequency shift on varying the operating voltage between 5 V and 24 V amounted up to 
+ 5 ppm. The DTL/TTL logic divider did not operate satisfactorily with any of the ten samples 
tested. 


Plessey 680/1680 


This is a series-resonance oscillator (emitter crystal) with AGC for the frequency range of 
100 kHz to 100 MHz (an older data sheet listed: 150 MHz), The drive level of the crystal is very 
low at 0.5 yW, The feedback link is broken to allow insertion of a resonant circuit in the case 
of overtone oscillators. A disadvantage of the series-resonance oscillator; it is true, that the 
crystal is grounded at one side, but if the frequency is to be pulled slightly, it will be 
necessary to isolate the crystal, or pulling trimmer from ground. Both are inadvisable, and 
can be avoided when using a parailel-resonance oscillator. In practice, it was also found that 
approximately 20 % of the integrated circuits were not suitable since they were very tempe- 
rature dependent. In addition to this, the data sheets list differing pin connections (!!). 
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The measuring results are shown in Figure 26. The samples operated reliably up to 18 MHz. 
The frequency error with respect to the series-resonance frequency increased continuously 
and attained values between — 540 x 10° and — 630 x 10™* at 18 MHz. At higher frequencies, 
especially in conjunction with overtone crystals, a resonant circuit should be inserted 
between pin 2 and pin 3 so that an impedance matching of the stages can be made using a 
suitable coil tap. 


100 


~200 


-300 


-400 


-500 


~600 


Fig. 26: Frequency error with SL 1680 (Plessey) 


KVG IXO-01 


Recently, KVG offers a special crystal oscillator IC of their own manufacture (Figure 27). This 
is a parallel-resonance oscillator using a Darlington-Colpitts oscillator similar to that 
discussed in section 2. The IC also has an extensive voltage-stabilizer circuit, which is also 
externally accessible, as well as a multi-stage buffer amplifier. This IC is accommodated in an 
eight-pin CERDIP-case. Two alternative outputs are available: an open collector to which a 
resonant circuit can be connected (an output voltage of more than 3 V (peak-to-peak) across 
500 2 can be adjusted by selection of the divider ratio), or a low-impedance emitter output. 
The oscillator operates in the whole fundamental range up to 30 MHz (even without external 
circuit). 


The external circuitry of the oscillator can be made in a similar manner as given in Figure 5 
by placing a capacitance of approximately 40 pF in series with the crystal, In the case of 
overtone crystals, C, is replaced by a resonant circuit. Further details can be taken from the 
original data sheet. 


Suitable crystals for the whole frequency range are available (specification XA-050 at KVG) 
especially for this oscillator, This means that all problems in specifying the crystal are 
avoided, 
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Fig. 27: Crystal oscillator IC 1XO-01 (KVG) 
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ELECTRONIC CONTROL OF ANTENNA ROTATORS 
Part 2: Digital Programming with BCD-Inputs 
by J. Kestier, DK 1 OF 


5. INTRODUCTION 


A purely digital antenna contro! as is used, for instance, in satellite ground stations, can 
hardly be realized with amateur means. The tracking accuracy required for such applications 
will most certainly not be required for amateur antenna systems, which means that 
inexpensive rotating systems that are available on the market can be used. These all operate 
with analog indication of the actual antenna position. The linearity of the potentiometer used 
for this, and the precision of the required gearing determine the accuracy of the system 


W. Kurz, DK 2 RY, is developing a universal microcomputer system for amateur radio appli- 
cations, which can also be used for antenna control (1). Such a computer, of course, 
provides data in digital form, whereas the antenna rotator represents an analog component. 
The following article is to describe a rotator control unit that can be controlled digitally via 
BCD-inputs and internally using numerical switches, It is also possible for the rotator to be 
controlled manually using a simple left/right switch. It was designed especially for operation 
with the rotator series KR 400/500/600 (UKW-TECHNIK), however, it can possibly be used 
with slight modifications for other rotator types. 


———— Pin 6 (039) 


| 

| 

——+ Pin 5 (039) 

| 

| 

| 4 

\ > Pin 12 +13(040) 

| 

+ ———» Pin 29+30(040) Fig. 14: 

| 6 | ; Connection diagram for 
L Lone Pin 20*21(039) rotators KR 400/500/600 


6. CIRCUIT AND CONSTRUCTION OF THE CONTROL UNIT 
FOR USE IN CONJUNCTION WITH AN AZIMUTH ROTATOR 


Various possibilities exist for the selection of the data format for the input signal: Since the 
computer operates in a binary manner, a binary programming of the control unit, as well as 
hardware (components) and software (program) will be most favorable. On the other hand, 
the manual programming would be very difficult due to the 1-2-4-8-16 ... coding, and would 
require quite a bit of re-thinking during operation. If, on the other hand, a BCD-format is 
selected, the required angular value can easily be selected by numerical switches. Since the 
microcomputer is also to be equipped with a display, it will require a converter binary + BCD 
in any case, and this can also be used for our application. For this reason, the author has 
selected the second method and BCD code is to be used. 
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The next question is the resolution of the system, in other words which is the lowest angular 
Step that is to be made. In the case of shortwave beams and simple VHF/UHF antennas, a 
resolution of 10° would most certainly be satisfactory, However, it seems advisable for the 
reproducibility of approximately + 2° of the mechanical system to be utilized to the full also 
electrically and to provide 1°-steps. 


|) Numerical 
' Switches 
p , inverted 


¢isii__- Doses 1 u _5 8c0 
Fig. 6; Data input 


6.1. Data Input 


A number of input connections are given on the left-hand side of Figure 6; these are con- 
nected to the output of the computer. The numerals on the connections represent the valency 
of the input in question. If, for instance, input 80 is at »H« level (+ 5 V) and all others are at 
»L« level (ground) this will mean that the antenna direction is programmed to 80° (compass 
direction). 


Switch S 1 allows the control to be switched from external to internal control. If it is in its 
lower position (as shown), the output drivers in the computer will be blocked (»tristate«) via 
connection »+—«, and the numerical switches in the control unit will determine the programm- 
ing. Numerical switches with inverted BCD code are required for this application, which 
means that the contact in question is open at the given valency (1, 2, 4 or 8). Switches of type 
Contraves M 140 L with extended connection board provide sufficient room for the diodes 
required for decoupling. The following table shows the connection diagram for this type of 
switch: 


Valency | Connection No, 
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Fig. 7: Digital/analog converter 
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6.2. The Digital/Analog Converter 


The task of the module to be described in this section is to convert the digital information 
from the computer or numerical switches into an analog voltage. Of course, complete 
modules are available on the market for this application, however, since none of the offered 
types has been really successful on the market, the prices are relatively high due to the low 
quantities. If one is willing to invest a certain portion of time during alignment, it is possible 
for a sufficiently accurate digital/analog converter to be constructed for this application using 
cheap standard components, 


6.2.1. Circuit 


The circuit diagram of the D/A-converter is given in Figure 7. Each data input is fed via an 
inverter with open-collector output (I 1, | 2) to a switching transistor (T 1 to T 10). These tran- 
sistors have the task of generating defined currents via low-tolerance (1 %) resistors trom the 
Stabilized reference voltage (+ 10 V). These are then added in the decade-adding amplifiers 
13,14 and 15 and fed to the output stage | 6; R 4 is provided for the zero-alignment. The out- 
put signal is available at connection 31 (note: the numerals given in the circuit diagram for 
the input and output connections represent the pin numbers on the 31-pin connector to be 
used in conjunction with the board), 


The reference voltage is generated with the aid of D1 and !7; due to the relatively high 
current flow via pin 1, an emitter follower (T 11) has been provided. It is possible for an exact 
alignment of the generated voltage to be adjusted with the aid of R. 5. The following voltages 
are required: + 15 V (for 13 to 17) and + 5 V (for 11 and | 2). In order to avoid ground loops, 
separate ground leads were selected: pin 12 for the digital, and pin 29 for the analog portion. 


6.2.2. Construction 


A single-coated PC-board with the designation DK 1 OF 038 was developed for accommo- 
dation of the D/A-converter. This is in the form of a shortened Europa-board with the dimen- 
sions 120 mm x 100 mm and can be used in conjunction with a standard 31-pin connector. 
The component locations and conductor lanes are given in Figure 8. Due to their better long- 
term stability, it is advisable for trimmer resistors to be used having a ceramic substrate 
(Cermet). The alignment of this module is to be dealt with during the description of the other 
circuits. 


As can be seen in the component location plan, the PC-board has the facility for two further 
(non-equipped) input channels which means that it can be used for three complete decades. 
This means that the resolution can be improved, if required (for instance for large parabolic 
antennas) down to approximately 0.3°, but this will require a correspondingly exact mechani- 
cal system. On the other hand, the numerical value of the input signal will no longer coincide 
with the angular value (360° & »999«), 


6.2.3. Special Components 


T1+T 10: BC 415 C or similar silicon PNP transistors 
wats BCY 59, 2 N 2222 or similar silicon NPN transistors 
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vit, 02: SN 7406 N (FLH 481) or SN 74 LS 06 N 
(3-17: TBA 221 B or 741 CN 


Dit: BZX 97/C 6 V 2 or other 6.2 V zener diode 
Trimmer potentiometer: for horizontal mounting, spacing 10/5 mm 


Designated resistors: metal-layer, tolerance + 1%, spacing 12.5 mm 
(2 x 10 k82, 2 x 20 kQ, 3 x 40 kQ2, 3 x BO kf2) 
All other resistors: carbon, spacing 10 or 12.5 mm 


Capacitors 47 nF: Ceramic disk types (2 30 V) 
Capacitor 4.7 uF; Tantalum drop type, 10 V 


Connector strip: e.g. Siemens C 42334-A 55-A 08 
Socket: e.g. Siemens C 42334-A 56-A2 or C 71334-A 10-A 2 
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Fig. 8: PC-board for the D/A converter DK 1 OF 038 
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6.3. Control Amplifier, Protective Circuits and Power Supply 
6.3.1. Circuit Details 


Figure 9 shows the circuit diagram of the other stages of the controller. The reference 
voltage of + 10 V is fed from the previously mentioned module via pin 8; it is then fed via an 
adjustable dropper resistor of 150 92 (R 1) to the position potentiometer (500 £2) in the rotator 
It should be noted, that both the D/A converter and the indicator circuit are fed from the 
same reference voltage, which means that the absolute value has practically no effect on the 
accuracy of the system. The voltage tapped off on the potentiometer is proportional to the 
angle. This voltage is fed via pin 5 and fed via a filter link to stage |2 as actual value; the 
nominal value (= output voltage of the D/A converter) is fed in via connection 7. 12 forms the 
differential voltage between both values and controls the double comparator 13/14, which 
actuates the clockwise or anti-clockwise operation of the motor via the switching transistors 
T 1 and T 2 and relays Rel 1 and Rel 2. The same circuit was also used in part 1 of this article 
(2), which means that it need not be discussed in detail here. 


The integrated circuit | 1 is also connected as a comparator and compares the nominal and 
maximum actual value. If an angle of more than 360° is programmed in error (even computers 
make errors sometimes), the nominal value will be greater than the maximum possible actual 
value. In this case, the supply voltage for the relays will be disconnected via T 3 and T 4 so 
that the motor rotation is stopped. If this protective circuit was not provided, the rotator 
could run to its stop and it is possible that the motor winding could be damaged if this was 
not noticed in time. 


It is possible with the aid of switch S 2 to switch off the automatic control, and to manually 
control the rotator with the aid of switch S 3. Diodes LED 1 and LED 2 will indicated clock- 
wise or anti-clockwise rotation of the rotator. 


Now a few words regarding the power supply: 


All required voltages are taken from the two series-connected 12 V secondary windings of the 
power transformer Tr. Since the previously mentioned rotators require an operating voltage 
of 24V ~ for the motor, it is possible for the total secondary voltage to be used for this 
directly. For rotators requiring a higher supply voltage for the motor, it is possible for the 
higher voltage to be obtained with the aid of a third winding, or for a separate transformer to 
be used. 


Diodes D 1 and D 2 generate a positive and a negative DC-voltage of approximately 32 V each 
which are then stabilized with the aid of diodes D3 /D 4 and the Darlington transistors T 5/ 
T6 to + 15V, and used for the supply of the analog circuits. The relays are provided with the 
unstabilized positive voltage. D 5 is connected to the center tap of the transformer and pro- 
vides a positive voltage of approximately 16 V, which is stabilized to 5 V with the aid of D6 
and T 7 and used for supplying the input stages of the D/A-converter. 


The whole operating current of the control unit flows via three parallel-connected 19 resis- 
tors (pins 26/27) where it generates a proportional voltage drop. If this exceeds a threshold 
that is adjustable with the aid of R 3, relay Rel 3 will be actuated via T9-T 8, and LED 3 will 
light. Rel 3 possesses a self-holding contact and remains energized, and the supply of the 
other two relays is disconnected so that the motor receives no voltage. In this manner, it is 
protected against excessive current flow. This overload circuit can be reset by temporarily 
switching the control unit off and on, using switch S 4 
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Fig. 9: Control amplifier, protective circuits and power supply 
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6.3.2. Construction 


The circuit given in Figure 9 can be accommodated on two 120 mm x 100 mm large PC- 
boards designated DK 1 OF 039 and 040. These are also single-coated and can also be pro- 
vided with 31-pin connectors. 


The component location plans are given in Figure 10 and Figure 11. Transistors T 5, T 6 and 
T 7 are mounted on a common heat sink of approx. 95 mm x 25 mm with large cooling fins 
(do not forget the mica insulation !). No sockets are provided for the three relays, since they 
can be directly soldered into place if the appropriate holes are drilled out to approximately 
2.2mm. 


6.3.3. Components 


1 fa a BSX 46 or 2 N 2219 or similar (TO 5) NPN 
T3, 79: BCY 59 or 2 N 2222 or similar (TO 18) NPN 
T4,T8; BC 160 or 2 N 2905 or similar (TO 5) PNP 
i «A BD 675 or similar (NPN-Darlington) SOT 32 
Té: BD 676 or similar (PNP-Darlington) SOT 32 
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Fig, 10: PC-board DK 1 OF 039 
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11-14: TBA 221 B or 741 CN 
D1,02,05: 1. 4002 or similar (30 V, 1 A) 


03,04: BZX 97/C 16 or other 16 V zener diode 

D6: BZX 97/C 6 V 2 or other 6.2 V zener diode 

LED 1, 2: e.g, LD 57 (green) 

LED 3: @.g. LD 52 (red) 

Rel 1-3: V 23100 - V 7213 - F 104 (Siemens) 

Tr: Power transformer, primary 220 V, sec. 2 x 12 V at 2 A each; 


suitable for mounting on the PC-board TR 6512 
Trimmer resistors: for horizontal mounting, spacing 10/5 mm 


47 nF capacitors parallel 0 1, D 2; min. 100 V = (plastic foil) 
All other 42 nF capacitors: ceramic disk types 30 V = 


Electrolytics 4.7 ~F: tantalum drop type, 10 V = 
Electrolytics 100 pF / 25 V and 220 pF / 10 V: vertical mounting, cylindrical, spacing 5 mm 
Electrolytics 470 uF / 25 V, 40 V: Aluminium tubular capacitors, axial, spacing 35 mm 
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Fig. 11: PC-board DK 1 OF 040 
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6.4, Alignment of the Control Unit 


Firstly place switch S 1 to the »internal« position and S 2 to »manual«, After switching on the 
unit (S 4), firstly check the stabilized voltages of + 15V and + 5V. The connected rotator 
should be controllable using S 3. If the overload protection is actuated, R3 (module 039) 
should then be adjusted to the ground (fully clockwise) stop, 


If the high accuracy of the system is to be utilized to the full, it is advisable for a digital volt- 
meter to be available for alignment of the D/A converter. It should then be connected to pin 1 
of module 038, and the reference voltage set to exactly 10 V with the aid of R 5, The numeri- 
cal switches should be set to »000« and the voltmeter connected to the output of the circuit, 
pin 31, The reading is set to zero (+ 10 mV are sufficiently accurate) with the aid of R 4. After 
this, »300« should be set and the output voltage adjusted to exactly 6 V with the aid of R 1, 
R 2 to 1.8 V at »90«, and R3 to 180 mV at »009« with the aid of R 3. This means that the D/A- 
converter is completely aligned; at a setting of »360«, a voltage of exactly 7.20 V should be 
present at the output, 


Resistor R 1 of module 039 is adjusted so that a voltage of 7.18 V can be measured at pin 6. If 
a digital voltmeter is not available, it is possible to set »359« on the numerical switches and 
for the voltage difference between pin 6 and pin 7 (039) to be aligned to zero; in this case, a 
meter in the voltage range of 0.5 V will be sufficiently accurate. 


The programming is now made in any direction, and S 2 placed to the »digital« position, The 
rotator should now run to the required position and stop. Resistor R 2 (039) is now adjusted 
so that oscillation just stops. R 3 is now adjusted so that the overload protection just does 
not actuate during normal operation. These two last alignments should, however, not be 
made until the antenna construction is completed. 


6.5. Direction Indication 


Although the previously described system allows a Correct operation of the rotator, one 
usually requires an optical indication of the actual antenna direction. Of course, it is possible 
to use the moving-coil meter of the original control unit, However, a more elegant and clear 
indication can be made in the form of a compass with North at the top, East to the right and 
so on. Such an indication using 16 light-emitting diodes in a circular array is now to be 
described: 


As can be seen in Figure 12, the voltage proportional to the angle is taken from the potentio- 
meter of the rotator and fed via connection 4 and a variable divider (R 2 / R 4) to amplifier | 1 
to obtain the correct level. The whole LED driver circuit is accommodated in | 2; when the 
control voltage at pin 11 increases, the light-emitting diodes D1 to 016 will light up in 
sequence (with some overlap). The previously mentioned reference voltage of the D/A-con- 
verter is used as reference voltage (pin 12 and 13). The operating voltage for the light- 
emitting diodes is taken from D 5 (039), and need not be stabilized. 


R 3 is a photo resistor and has the task of matching the LEO-current (and thus their bright- 
ness) to the ambient light conditions. If this is not required, R 3 can be replaced by a bridge. 


A 80 mm x 65 mm PC-board has been developed for accommodation of the LED-indicator. 
This board has been designated DK 1 OF 041 and is single-coated. The component locations 
are given in Figure 13. The light-emitting diodes D 1 to D 16 as well as the photo resistor are 
mounted on the conductor side of the board, and D 1 is at the top (North). 
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6.5.1. Components 


11: TBA 221 B or 741 CN 
12: UAA 170 (Siemens) 
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01-016 e.g. LD 32 (red) or LD 37 (green) 
R3 Photo resistor RPY 60 or RPY 61 
Trimmer resistors: for horizontal mounting, spacing 10/5 mm 


47 nF capacitors: ceramic disks = 30 V 


The alignment of the indicator module is simple. After connecting it to the rest of the unit, a 
direction of 45° is selected (»045«) and R 1 adjusted so that D3 lights. After this, 315° is pro- 
grammed and R 2 aligned so that D 15 lights, Both steps should be repeated several times 
since the adjustments interact. It should be noted that D 16 will light up at angles just below 
360° and there will be no transition from D 16 toD 1 


7. OPERATION TOGETHER WITH AN ELEVATION ROTATOR 


If the described control unit is to be used in conjunction with an elevation rotator (e.g 
KR 500), it is advisable to make a few modifications. Since the rotation angle of such an 
elevation rotator only amounts to 180°, the highest valency bit of the data inputs will not be 
required. T 1 and the adjacent resistors (Figure 7) can therefore be deleted. In order to obtain 
the full output voltage of the D/A-converter of 7.2 V, R 6 should be increased to 39 kQ, No 
further modifications are required 


It is, of course, possible for all 16 light-emitting diodes to be mounted in a semi-circle (180°) 
with D1 and D 16 horizontal, However, if the PC-board is to be used, it is possible for only 
D 1 to DQ to be provided, and for D 10 to D 16 to be deleted. R 4 (Figure 12) can be replaced 
by a bridge. The alignment is made in the same manner as described 
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Fig. 15: Photograph of the author's prototype 
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8. FINAL NOTES 


Not every amateur is interested in satellite communication, automatic tracking or EME 
communications, Although the described control unit is especially designed for these appli- 
cations together with the computer system under development (1), the author feels that this 
system is also able to fulfill other requirements. For instance, it should be possible to adjust 
the antenna direction automatically to the required direction during shortwave communi- 
cation by just entering the prefix of the required station. For VHF/UHF application, it is 
possible to enter the QTH-locator of the partner station to set the direction of the antenna, 
and possibly also obtain the distance to that station. Whether this can be realized in practice, 
depends on the experts in this field, 
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Which Volumes of VHF COMMUNICATIONS are missing from 
your library ? 


As you know, the publishers continue to reprint back copies of VHF COMMUNICATIONS. 
Since they are full technical articles and little news or advertising they contain a great deal of 
non-aging information that is just as valid today. Many of our readers will also have lent out 
copies of VHF COMMUNICATIONS and never received them back. All these editions back to 
1970 are still available and can be obtained from your representative or from the publishers, 
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USING 3” SILICON SOLAR CELLS FOR CONSTRUCTION 
OF SOLAR BATTERIES FOR PORTABLE OPERATION 


After reading about DL 2 AM's operation of his portable station from solar cells during the 
Bavarian Mountain Field Day (BBT), it was thought that it would be of interest to study these 
components in more detail. 


The technical details are based on silicon cells manufactured by Siemens, and were published 
in the Siemens Components Report No. 17 (1979), edition 2. 


Silicon solar celis are suitable for the construction of solar batteries that allow direct con- 
version of sunlight into electrical energy. The basic material of these solar cells is P-doped, 
mono-crystaline silicon, which receives a N-conductive layer with the aid of a diffusion pro- 
cess. This technology allows a high resistance to damage, caused by high-energy particles 
such as electrons and protons. 


The operating voltage of a solar cell is independent of the area and amounts to a maximum 
of approximately 0.5 V. The generated current is, however, dependent on the surface area of 
the solar cell. Light intensity determines both magnitudes, The higher the ambient tempe- 
rature, the lower will be the voltage. 


Solar cells are provided with tinned contact surfaces on the back and front that allow a 
reliable soft-solder connection to be made. The soldering temperature should not exceed 
220°C (10 8). 


According to the required current, either round disks of 3 inch in diameter (SFH 120), half 
disks (SFH 121) or quarter disks (SFH 122) are used. The characteristic specifications are 
given in the tables and diagrams, 
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Specifications *) SFH 120, SFH 121, SFH 122 (TU = + 25 Cc) 


Short-circuit current | 
Non-load voltage = Un; 
SFH 122 Photo current at 
Uout = 400 mv 


Dimensions in mm 


*) The characteristic specifications were measured with sun- 
Fig. 4: light having an illumination strength of 100 mW/cm?; 100 mW/ 
Typical output cm* = AM 1 (Air Mass One). At AM 1, the sun will be 90° with 
characteristic respect to the horizon (i.e. in its zenith) 
for a SFH 122 


SOLAR PANEL SFH 120-36 


The solar panel SFH 120-36 comprises 36 round solar cells type SFH 120 connected in series. 
In order to protect them against environmental effects and for easy handling, they have been 
mounted on an aluminium frame, which is provided with a transparent protective plastic 
cover on the sun side, and hermetically sealed. The space in between the plastic plate and 
solar Cells is filled with a transparent plastic material. 


The passified aluminium framework ensures that the intrinsic heat of the solar cells remains 
low, thus making it possible for the panel to be used even at higher ambient temperatures, 
Several panels can be combined to form larger solar batteries. The stable wiring allows 
simple interconnection. A built-in protective diode ensures that a connected accumulator 
cannot discharge itself via the panel. 


The solar panel must undergo a temperature change, humidity and salt-water test, as well as 
a wind test before leaving the factory. The most important specifications are given in the 
following tables and diagrams. 
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Ie | | tpt (Up) Siemens ; ‘ Ip 1 (Up) Siemens 
A E.=Parameter SFM 120-36 Ms T=Parameter — SFH 120-136 
Pou 1S9W 
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Most important specifications of solar pane! SFH 120-36 


Limit specifications 


Ambient temperature range T 
Storage temperature range Tst 


—30 bis +80°C 
—30 bis +80°C 


Specifications *) (T = + 25°C) 


Short-circuit current 


Non-load voltage Uni 
Output current Ip 1080 mA 
(Ugut = 15.8 V) 15 W 
Output power Pout 
(Uout = 15.8 V) + 90 pA/K 
Temperature coefficient of |p TCip 
Temperature coefficient of Up TCup ~75 mV/K 


Weight 
Dimensions: 560 mm x 480 mm x 13. mm 

*Die Kenndaten wurden bei Sonnenlicht mit einer Bestrahlungs- 
starke von 100 mW/cm? ermittelt; 100 mW/cm? @ AM 1; AM 1 = 
Air Mass One. Bei AM 1 steht die Sonne 90° Uber dem Horizont, 
d.h. im Zenit. 


*) The specifications were determined with sunlight having an illumination strength of 
100 mW/cm?; 100 mW/cm? & AM 1. At AM 1, the sun is 90° with respect to the horizon, 
i.e. in its zenith. 
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MATERIAL PRICE LIST OF EQUIPMENT 
described in Edition 4/1979 of VHF COMMUNICATIONS 


DL 6 MH 003 10 GHz TRANSCEIVER Ed. 4/1979 
POWER SUPPLY, MODULATOR, DOT-GENERATOR 

PC-board DL 6 MH 003 ~ single-coated with pian DM 11.— 
Semiconductors DL6MH003 3IC's, 1 diode OM 7— 
Minikit DL6MHO003 3 trimmer pot., 6 resistors, 2 plastic foils, 

2 ceramic caps., 6 tantalum electrolytics DM 14— 
Microwave dev. DL6MHO003 _ 1 Gunn-Diode DGB 6844 A (15 mW) 

1TIN23E DM 62.— 
Metal and plastic pieces cut and drilled as shown in Figures 4 and 5 
including waveguide, but without flange DM 155.— 
Flange 3 pieces for waveguide R 100 DM 51.— 
Kit DL6MH003_ complete with above parts OM 295.— 
DK 1 OF 038-041 PROGRAMMABLE DIGITAL ROTATOR CONTROLLER Ed. 4/1979 
1, DIGITAL/ANALOG-CONVERTER 
PC-board DK 1OF 038 _ single-coated, undrilled, with plan DM 15.— 
Semiconductors DK 1OF 038 11 transistors, 7 IC's, 1 zener diode DM 24.— 
Minikit DK 10OF 038 ‘5 trimmer pot., 10 metal-layer resistors, 

40 carbon resistors, 9 ceramic caps., 

1 tantalum electrolytics DM 24.— 
Connectors OK 1OF 038 = one 31 pin connector set DM 22.— 
Kit DK 10OF 038 with above parts DM 84,— 
2. CONTROL AMPL., SWITCHING CIRCUIT, POWER SUPPLY 
PC-board OK 10F 039 _ single-coated, undrilled, with plan DM 15.— 
PC-board DK 1 OF 040 _ single-coated, undrilled, with plan DM 15,— 
Semiconductors DK 1 OF 39/40 9 transistors, 4 IC's, 7 diodes, 

3 zener diodes, 3 LED's DM 38.— 
Minikit DK 1 OF 39/40 3 trimmer pot., 35 carbon resistors, 5 power 


resistors, 4 foil caps., 5 ceramic caps., 
2 tantalum and 7 alu. electrolytics, 1 unpoled 


cap., 3 relays, 1 power transformer DM 140.— 
Connectors DK 1 OF 39/40 two 31 pin connector sets DM 44.— 
Kit DK 1 OF 39/40 with above parts DM 248,— 
3. DIRECTIONAL INDICATOR 
PC-board OK 1 OF 041 _ single-coated, undrilled, with plan DM 10.— 
Semiconductors DK1OF041 16LED's, 1 photo-resistor, 2 IC's DM 38.— 
Minikit DK 10F 041 2 trimmer pot., 12 resistors, 2 ceramic caps. DM 5— 
Kit DK 10F 041 with above parts DM 52.— 
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4. CASE AND CONTROLS 
Case 


Controls 


OK 1 OF 38-41 comprising 1 plug-in, undrilled, 150 mm wide, 
front-panel alu., side and rear panels nickel- 


plated steel, with orange-coloured insert 


DK 1 OF 38-41 3 thumb-wheel switches, 10 diodes, 
3 miniature toggle switches, 1 3-pos. switch, 


1 13-pin connector set (BCD-input) 


Kit DK 10F case with above parts 
Complete kits for programmable Digital Rotator Controller 


complete with all parts OK 1 OF 039 - 041 

DC 3NT METEOSAT VHF RECEIVER for 137.5 MHz 

PC-board DC 3NT003 _ single-coated, with plan 

Semiconductors DC3NTO003 10 transistors, 5 diodes, 1 LED, 5 IC's 

Minikit 1 DC3NT003 = 11 ready-wound coils with screening cans, 
1 miniature choke, 1 crystal filter, 1 crystal 

Minikit 2 DC3NT003 2 trimmer pots., 52 resistors, 12 ceramic caps. 
with low TC, 7 styroflex caps., 9 plastic-foil 
caps., 24 ceramic bypass caps., 3 tantalum 
and 3 alu. electrolytics 

Kit DC3NT003 complete with above parts 

DB2GM SINGLE-STAGE 15 W LINEAR AMPLIFIER 

for 144 MHz with RF-VOX 

PC-board DB 2GM001 _ single-coated, with pian 

Semiconductors DB2GM001_ one each B 25-12, BC 413, BC 415, 
1 N 4007 and three 1 N 4151 

Minikit 1 DB2GM001 2p). foil trimmers, 2 airspaced trimmers, 
8 ceramic caps., 1 tantalum, 1 alu, electro- 
lytic and 3 bypass caps., 5 resistors, 1 six- 
hole ferrite choke 

Minikit 2 0B 2GM001_ 1 metal! case, 2 BNC-conn., 3 miniature 
relays, 1 heat-sink 

Kit DB2GM001_ complete with above parts 


OM 79.— 


DM 89.— 
DM 166.— 


DM 540.— 


Ed. 4/1979 


DM 16.50 
DM 68.— 


DM 95.— 


DM 46.— 
DM 220.— 


Ed. 4/1979 


DM 15.— 


DM 59.— 


DM 24.— 


OM 62.— 
DM 158.— 
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Professional Weather Satellite Reception Systems 


We offer a complete system of inexpensive modules for professional applications. These are 
of special interest for meteological offices at smaller airports, for harbour and similar appli- 
cations. They are also suitable for instruction at universities, and scientific institutes, A 
number of image processing systems and receivers are available to suit the application in 
question. Equipment is available, or under development for: 

@ The METEOSAT and GOES/GMS satellites in Geostationary orbit, or 

@ The NOAA and TIROS M satellites in polar orbits (136 - 138 MHz). 


Technical specifications of the basic METEOSAT system: 


PARABOLIC ANTENNA: 
1.2m dia., 24 dB gain 


SHF-CONVERTER: 
2-stage low-noise 
preamplifier 

with noise figure 3 dB 


VHF-RECEIVER: 
Noise figure 2 dB 
AF-bandwidth: 
800 - 4000 Hz 
Subcarrier output: 
2.4 kHz/1 V 


VIDEO PROCESSOR: 
Monitor tube and 
Polaroid camera 


WIDEBAND OMNIDIRECTIONAL DISCONE ANTENNA 


@ Frequency range: 80 - 480 MHz 
@ Gain: 3.4. dB /i/4 
Discone - Antenne @ impedance 50 2 


@ Power rating 500 W 
@ Polarisation Vertical 
@ Connection SO 239 socket in the head 


ee @ VSWR <15:1 
c= @ Weight 3 kg 


@ Dimensions Height: 1.00 m / Diameter: 1.30 m 
@ Material Aluminium 
@ Mounting Antenna head is put onto a 32 mm (1 ‘a") 


Anschiull 
SO-Buchse im 
Alu -Kopf 


dia. mast and secured by a screw 


max. 32mm 
ae 

ey 

’ 


OOM 
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ANTENNA ROTATING SYSTEMS 


ART 800( 
« 


SPECIFICATIONS 


Type of Rotator 


Load 250 


Pending torque 800 Nm *) 
Brake torque 200 Nm *) 
Rotation torque 40 Nm *) 
Mast diameter 38 - 63 mm 
Speed (1 rev) 60 4 
Rotation angle 370 370 370 
Control cable 6 6 7 wires 
Dimensions 270 « 180 © 270 « 180 © 345 « 225 425 x 205 460 « 300 © mn 
Weight 45 46 9.0 12.7 26.0 kg 
Motor voltage 24 24 24 42 42 Vv 
Line voltage 220 V / 50 Hz | 220V/ S50 He | 220V/ 50 Hz | 220V/ SO Hz | 220 V / 50 Hz 

50 100 150 200 


*) kom & 9.61 Nm 


Getting ready for OSCAR 9 ? 
Then you need the Vertical Rotor KR 500 


Especially designed for vertical tilting 
of antennas for EME. OSCAR etc 


Type KR 500 
Load ca. 250 kg 
Brake torque 197 Nm *) 
Rotation torque 40 Nm *) 
Horiz. tube diam 32 - 43 mm 
Mast diameter 38 - 63 mm 
Speed (1 rev.) 745 
Rotation angle 180° (+ 5") 
Control cable 6 wires 
Line voltage 220 V/50 Hz 30 VA 
Weight 45 kg 
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CRYSTAL FILTERS OSCILLATOR CRYSTALS 


eke SYNONYMOUS FOR QUALITY 
AND ADVANCED TECHNOLOGY 


CW-FILTER *F-9NB see table 
SWITCHABLE SSB FILTERS 


for a fixed carrier frequency of 9.000 MHz 


XF-9B 01 XF-9B 02 
8998,5 kHz for LSB 9001.5 kHz for USB 


See XF-9B for all other specifications 
The carrier crystal XF 900 is provided 


Filter Type 


Application SSB 
Transmit 


+ 


Number of crystals - 5 8 


a } uM 
3 dB bandwidth | 24kHz 2.3 kHz f | 11.5 kHz 
= -_ — := + —+ — 

6 dB bandwidth 2.5 kHz 2.4 kHz K. ; 12.0 kHz 
Ripple | <10B <20B 
. —+—— a 

<3d8 <3.50B 

| QI i | 
zZ, 500 500 2 Q 500 


C,) 30 pF 30 pF | _30 pF 


Insertion loss 


Termination 


Shape factor 


Ultimate rejection 


XF-9A and XF-9B complete with XF 901, XF 902 
XF-9NB complete with XF 903 
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